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THE DESIGN 
OF A 

SEMI -AUTOMATED 
LUNAR BRICK MAKING MACHINE 
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The  pi-cicess  d e v e l o p e d  l a s t  q u a r t e r  w a s  i m p l e m e n t e d  b y  a 

s i ng 1 e ? p a  1- t a b  1 e mac h i ne . Water a n d  t h e  b i n d e r ?  l i g n i n  

s u l f o n a t e .  are s t o r e d  i n  the m a c h i n e .  L u n a r  f i n e s  a re  b r o u g h t  

i n t a  t h e  m a c h i n e  b y  a screw t y p e  c o n v e y o r .  T h e  f i n e s ;  a r e  t h e n  

dumped i n t o  a s e a l e d  m i x i n g  c h a m b e r  w i t h  t h e  w a t e r  a n d  l i g n i n  i n  

t h e  p r o p e r  s t o i c h i a m e t r i c  a m o u n t s .  I n  t h e  m i x i n g  c h a m b e r ,  t h e  

s l u d g e  is thc t rc lughly  mixed  w i t h  a d e v i c e  s i m i l a r  i n  d e s i g n  t c l  a 

m a n u a l  e g g b e a t e r .  The s l u d g e  t h e n  f l o w s  i n t o  t h e  m a l d ?  and t h e  

mold  c h a m b e r  is s e a l e d .  PI pump p u l l s  a h a r d  vacuum o n  t h e  

c h a m b e r ?  t h e r e b y  d r y i n g  o u t  t h e  brick::  a n d  a c t i v a t i n g  t h e  l i g n i n  

b o n d .  T h e  w a t e r  f r o m  t h e  b r i c k  is r e c l a i m e d  b y  i n c r e a s i n g  t h e  

p r e s s u r e  o n  t h e  a m b i e n t  a t m o s p h e r e  i n  t h e  c h a m b e r  ? w h i c h  h a s  t e e n  

c h a s e r 1  t o  b e  N i t r o g e n .  The c a l l e c t e d  w a t e r  f l o w s  b a c k  i n t o  a 

h o l d i n g  tank f o r  t h e  m i x i n g  c h a m b e r ?  t h e  b r i c k  is removed f r o m  

the maid chamber a l l  c h a m b e r s  a r e  reseale:! 9 Eind *&.--. b ~ t t r  F.i-.-.r-.-r- L S L C Z ~ ~  i 5  ' 

r e p e a t e d .  
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One of t h e  m o s t  f o r m i d a b l e  p r o j e c t s  a h e a d  of t h e  A m e r i c a n  

s p a c e  prctgt-am i n  t h e  l a t e  2 0 t h  a n d  e a r l y  21s t  c e n t u r i e s  w i l l  b e  

t h e  e s t a b l i s h m e n t  of a p e r m a n e n t  b a s e  o n  t h e  moon. A s  t h e  

f r e i g h t  c a s t  for s h i p p i n g  b u i l d i n g  ma te r i a l s  t o  t h e  maon is 

p 1- o h  i b i t i v e  t h e  b e s t  sc11 LI t i o n  i n m a  nirf ac t LIT i n g  pel- m a n e n  t 

s t r u c t u r e r s  o n  t h e  l u n a r  s u r f a c e  must i n v o l v e  t h e  use of t h e  

m o o n ' s  own 1 - e s u u r c e s .  

A p r c t c e s s  h a s  been d e v e l o p e d  t h a t  r e q u i r e s  o n l y  a small 

amclunt of b i n d e r  a n d  w a t e r  frctm t h e  E a r t h ,  a d d e d  t o  r a w  lunat-  

soi l ,  t u  m a n u f a c t u r e  b r i c k s .  T h e r e  s t i l l  exis ts  a n e e d ,  hctwever.  

for a d e v i c e  tct i m p l e m e n t  t h i s  pi-ctce5s. I f  s u c h  a m a c h i n e  bJ(2j-e 

b u i  1 t and p u t  i n t o  o p e r a t i o n r  a p e r m a n e n t  mctctnbase wctuld b e  we1 1 

o n  i ts  w a y  t o  b e c o m i n g  a r e a l i t y .  
e 

Consj t r  a i 1-1 t s 
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T h e  m a c h i n e  t h a t  is d e s i g n e d  m u s t  m e e t  s e v e r a l  s t r i n g e n t  

c r i t e r i a .  F i r s t .  t h e  d e v i c e  m u s t  be able t a  c t p e r a t e  i n  a l u n a r  

en\/ i P c : ~  n m e i ' t  t., as 

w e l l  as a h a r s h  vacuum. S e c o n d .  a l u n a r  s t r u c t u r e  m u s t  b e  b u i l t  

wic,p,i;? I...--.- U I  lctl d".y i f  the f i i - s t  iiictci\? base a s t r c i n a u t s  are  t o  

s u r v i v e  t h e  l u n a r  l - ~ i g h t .  T h i s  m e a n s  t h a t  t h e  b r i c k s  m u s t  b e  made 

and a s s e m b l e d  i n t o  a s t r u c t u r e  w i t h i n  i 3  E a r t h  d a y s .  To a l l c i w  

a m p l e  t i m e  fo r  ~ c ~ n s t r ~ ~ c t  ictn,  t h e  SbC) b r i c k s  r e q u i r e d  t o  c c t n s t i - u c t  

wh i c h i nvcl 1 v e s  r a d  i c a 1 s h i f t s i n t emp el-. a t LO- e 7 
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a n e  b u i l d i n g  s h o u l d  b e  p r o d u c e d  i n  less t h a n  5 d a y s .  T h i s  g i v e s  

a r a t e  of a p p r o x i m a t e l y  one b r i c l : :  e v e r y  7.5 m i n u t e s ,  a s s u m i n g  

b r i c k  d i m e n s i o n s  of 1 f o o t  by 1 f o c t t  b y  1.5 feet. N e x t ,  t h e  

s y s t e m  s h o u l d  rec la im n e a r l y  lO!:)% o f  t h e  water u s e d  i n  t h e  

p r o c e s s  ta el i m i n a t e  t h e  n e c e s s i t y  o f  i m p o r t i n g  m a r e  f r o m  t h e  

E a r t h .  F u r t h e r  t h e  m a c h i n e  Ejhctuld b e  a u t c t m a t e d  r e q u i r i n g  o n l y  

+he c!ccasice??=.l supe:-x.fision of a s i n g l e  c ;peratc ;r .  T h i s  would 

e n a b l e  t h e  a s t o n a u t s  t o  cc tnduct  o t h e r  expel-  iments o r  c o n c e n t r a t e  

on t h e  a c t u a l  c o n s t r u c t i o n  ctf t h e  s t r u c t u r e .  F i n a l l y y  t h e  

m a c h i n e  s h o u l d  b e  p o r t a b l e .  I f  t h e  b r i c k s  can o n l y  b e  made a t  

o n e  l o c a t i a n l  t h e n  a s p e c i a l  c a r r i e r  wctuld n e e d  t o  b e  d e v e l c l p e d  

I t  is f o r  s t r u c t u r e s  t h a t  are s e p a r a t e d  by  a g r e a t  d i s t a n c e .  

c h e a p e r  j u s t  t a  m a k e  t h e  b r i c k  m a c h i n e  m o b i l e  so t h a t  b r i c k s  c a n  

b e  p r o d u c e d  a s  l o n g  a s  l i g n i n  and w a t e r  are a v a i l a b l e .  
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T h e  b r i c k  m a k i n g  s y s t e m  s h c l u l d  c o n s i s t  af 

s u b  s y s t e m s  : 

1. Screw C o n v e y o r  

2. M i x i n g  Chamber 

3. M o  1 d i ng Chamber 

4. Water H e c l a m a t i c t n  S y s t e m  

4. B r i c k :  H e m c i v a l  S y s t e m  c 

Sc 1- e w Co n v e  y o I- 

* 
M i :.: i n g  Chamber 
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e 
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t h e  f o l l o w i n g  

T h e  l u n a r  f i n e s  necessary for  t h e  p r o c e s s  w i  11 b e  s u p p l  i e d  

t o  t h e  s y s t e m  b y  a sc rew cc tnveyur .  T h i s  c a n v e y o r  w i l l  s u p p l y  

fines a t  a c o n s t a n t  rate ta a c a t c h  p l a c e d  attcive t h e  m i x i n g  

c h a m b e r .  T h i s  c a t c h  w i l l  b e  t i m e d  t o  o p e n  a f t e r  a c e r t a i n  

p r e d e t e r m i n e d  t i m e  p e r i o d  t o  d i s p e n s e  t h e  p r e c i s e  vc:tlumE! u f  f ines  

n e e d e d  b y  t h e  p r c t c e s s .  A f l a p  w i l l  c u t  off t h e  f l o w  of f ines 

w h i l e  t h e  f ines are b e i n g  poured  i n t o  t h e  mold  c h a m b e r .  T h i s  

w i l l  ensure t h a t  t h e  chamber  d o e s  nclt receive t u o  many f i n e s  f o r  

a n y  b r i c k .  

T h e  f ines  w i l l  b e  d i s p e n s e d  i n t o  t h e  m i x i n g  c h a m b e r  a l o n g  

w i t h  t h e  p r o p e r  a m a u n t s  o f  1 i g n i n  s u l f o n a t e  and w a t e r .  T h e  

c h a m b e r  is s e a l e d  off  f r o m  t h e  l u n a r  e r i v i r o n m e n t  a n d  c o n t a i n s  a 

l o w  p r e s s u r e  N i t r o g e n  a t m o s p h e r e .  T h e  p r e s s u r e  of t h e  n i  t r c t g e n  

s e r v e s  t o  k e e p  t h e  w a t e r  i n  t h e  l i q u i d  s t a t e  d u r i n g  m i x i n g .  T h e  

r, 4 - -  



s l u d g e  c r e a t e d  b y  t h e  m i x t u r e  o f  fines, l i g n i n : ,  a n d  w a t e r  is t h e n  

m i x e d  b y  s e v e r a l  s p i k e d  s h a f t s  t h a t  r a t a t e  a s  t h e y  p r e c e s s  arctund 

t h e  c h a m b e r .  A f t e r  t h e  s l u d g e  is t h a r - o u g h l y  m i x e d ,  t h e  b o t t o m  of 

t h e  c h a m b e r  o p e n s  t o  d i s p e n s e  t h e  c o n t e n t s  i n t o  t h e  m o l d .  

M o l d i n g  Chamber 

T h e  m o l d i n g  c h a m b e r  c o n s i s t s  of a p r e s s u r e  v e s s e l  

s u r r o u n d i n g  t h e  m o l d .  When t h e  m i x i n g  c h a m b e r  o p e n s ! ,  t h e  s l u d g e  

p o u r s  i n t o  t h e  mc:lld. T h e  chamber  t h e n  seals  once more!,  l e a v i n g  

t h e  mold  chambei- w i t h  a low p r e s s u r e  N i t r o g e n  a t m o s p h e r e  and a 

b r i c k  c o n t a i n i n g  l i q u i d  w a t e r .  A v a l v e  is t h e n  opened! ,  a n d  a 

vacuum pump e v a c u a t e s  t h e  a t m o s p h e r e  i n  t h e  c h a m b e r .  T h e  w a t e r  

b o i l s  u n d e r  t h e  l o w  p r e s s u r e  a n d  d i f f u s e s  o u t  o f  t h e  b r i c k  a s  

v a p o r r  w h i c h  t h e n  f l a w s  o u t  af t h e  c h a m b e r  d u e  tct pump a c t i o n .  

T h e  m o l d  t h e n  releases t h e  b r i c k  a n d  reseals .  

Water R e c l a m a t i o n  S y s t e m  

A f t e r  t h e  v a p o r  h a s  p a s s e d  t h r o u g h  t h e  pumps i t  m u s t  b e  

c a n d e n s e d  f a r  r e u s e  i n  t h e  m i x i n g  p r o c e s s .  T h i s  is a c c a m p l i s h e d  

b y  p u m p i n g  t h e  N i t r c l g e n  and w a t e r  vapctr  i n t o  a t a n k  t h a t  is a 

f r ac t ion  ctf t h e  s i z e  of t h e  mold  c h a m b e r .  T h i s  r e d u c t i c # \ - 1  i n  

vctlume r e s u l t s  i n  a h i g h  p r e s s u r e  a t m o s p h e r e .  w h i c h  f o r c e s  t h e  

w a t e r  t o  c o n d e n s e .  T h i s  w a t e r  is c c t l l e c t e d  and sent b a c k  i n t o  

t h e  mi:.:ing c h a m b e r  f o r  use a s  a n  a c t i v a t o r  f o r  t h e  l i g n i n  ctnce 

mct 1- e . 

B r i c k  R e m o v a l  S y s t e m  



c 

When t h e  b r i c k  is r e l e a s e d  b y  t h e  m o l d 3  i t  d r u p s  t a  t h e  

bct t tom clf t h e  mold chambei-. A s  t h e  p r e s s u r e  i n  t h e  c h a m b e r  is a 

hai-d v a c u u m ,  t h e  bct t tum nf  t h e  c h a m b e r  may s w i n g  o p e n  a t  n o  c o s t  

t o  t h e  s y s t e m .  T h e  b r i c k  s l i d e s  down ctntct e i t h e r  t h e  g r o u n d  01- 

an e x t e r n a l  c o n v e y o r  , d e p e n d i n g  on  t h e  avai  l a b l e  a r r a n g e m e n t s y  

and t h e  b o t t o m  s w i n g s  h a c k  i n t o  p l a c e  a n d  reseals. T h e  e n t i r e  

p r o c e s s  c a n  t h e n  b e  r e p e a t e d .  

T h e  a b o v e  p r o c e s s e s  a re  n o t  n e c e s s a r  i l y  s e q u e n t i a l  . T h e  

water r e c l a m a t i o n  s h o u l d  ctcciir w h i l e  t h e  l a s t  b r i c k  is b e i n g  

remctved a n d  t h e  next bricl: :  is b e i n g  m i x e d .  T h i s  5 , n i - t  o f  

s c h e d u l  i n g  c a n  stream1 ine t h e  p r c t c e s s  a n d  e n a b l e  f a s t e r  

p r o d u c t i o n  of b r i c k s .  
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TCI k e e p  t h e  w a t e r  i n  i t5  l i q u i d  s ta te .  e v e n  a t  t h e  p r o c e s s  

t e m p e r a t u r e  ctf 77 F, an a t m o s p h e r e  a t  a f i n i t e  p r e s s u r e  is 

r e q u i r e d .  N i t r o g e n  h a s  b e e n  c h o s e n  d u e  t o  its a v a i  l a b i  1 i t y  a n d  

it-, - , i m i ? a r i t y  tr: nc;;-ma? a i r .  TI-.: i t A c = c--c_. - .  =ccui id p;-CiP€r-t ' i  t he  

u s e  of s t a n d a r d  a i r  a n d  w a t e r  t a b l e s ,  w h i c h  p i - a v e s  i n v a l u a b l e  t o  

a n  i n i t i a l  d e s i g n  i t e r a t i a n .  

S u b  5 t a ix  e m e a  sur e m  En t s 

T h e  fo1  l o w i n g  i n g r e d i e n t s  are mixed  t o g e t h e r  t o  f o r m  t h e  

p r o p o s e d  1 f t  by 1 f t  by  1.5 f t  b r i c k :  1.2 f t  of l u n a r  f i n e s ?  

0.(:)12 f t  of l i g n o s u l f o n a t e  b i n d e r ?  0.108 f t  o f  w a t e r .  F u r  a 

c o m p l e t e  s t r u c t u r e  of 96iI b r i c k s ?  t h i s  a m o u n t s  t o  1152 f t  o f  

liciiar I - G C / L ~  11.52 f t  o f  G i i i d e r r  arid G . i i i 8  f t  c .17  w a t e r .  The 

e n t i r e  a m o u n t  of 1 i g n c t s u l f c t n a t e  a n d  water m u s t  b e  s h i p p e d  f r o m  

t h e  e a r t h .  I d e a l l y ?  1 O B  p e r c e n t  o f  t h e  w a t e r  w i l l  b e  r e c l a i m e d  

f r o m  t h e  b r i c k  a f te r  i t  e n t e r s  t h e  mctld s o  t h a t  t h e  r e c l a i m e d  

w a t e r  may b e  r e u s e d .  A s h i p m e n t  a f  0.5 f t  is prc iprc ised  tcl  c o v e r  

f 0 1 -  a17y 105s. 

T h e  l u n a r  s o i l  has an appi-ctximate s p e c i f i c  g r a v i t y  c ~ f  125 

l b s / f t  a n d  w i l l  r e q u i r . e  a t o t a l  ctf 1152 f t  . T h e  l u n a r  f i n e s  

w i  11 b e  s t o r e d  i n  a c o n t a i n e r  a n d  a s c r e w  cclnveyclr r u n n i n g  i n t o  

t h e  m i x i n g  c h a m b e r  w i l l  t r a n s p o r t  t h e  1.2 f t  of l u n a r  f i n e s  i n t o  

t h e  m i x i n g  c h a m b e r .  T h e  l u n a r  s u r f a c e s  r a t e d  a5 w e l l  g r a d e d  

'7 
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s i l t y  s a n d  t o  s a n d y  s i l ts  and h a v i n g  a c c t h e s i v e n e s s  ctf 0.015 p s i  

t o  0 .  15 p s i  i n  nature? s h o u l d  p r o d u c e  no  p r o b l e m  i n  t r a n s p o r t i n g  

ti\- m i x i n g .  

A s  a b i n d e r ,  l i g n i n  s u l f c l n a t e  h a s  a d e n s i t y  of 78.18 

l b s / f t  . A t o t a l  amoun t  uf 0.012 f t  of b i n d e r  p e r  b r i c k  and  

11. -52 f t  C l f  b i n d e r  p e -  StrUctL.!?-E. is ? - e q u i ? - e d .  Each brick:  

r e q u i r e s  0. 108 f t  of w a t e r  t o  p r u p e r l y  s u s p e n d  t h e  

1 i g n a s u l f u n a t e  i n  t h e  b r i c k :  mi:.:ture. 

L i g n o s u  1 f o n a  t e 

I n  i ts  n a t u r a l  s t a t e9  l i g n i n  is t h e  p r i n c i p a l  c a r r i e r  o f  t h e  

m e t h o x y l  c o n t e n t  of waod. A p p r o x i m a t e l y  25 p e r c e n t  of t h e  wcacid 

w h i c h  gc tes  ta t h e  p u l p  mills is o b t a i n e d  a s  l i g n i n  i n  one f o r m  cIr 

a n o t h e r .  T h e  s u l f i t e  p u l p  i n d u s t r y  h a s  a t t e m p t e d  to u t i l i z e  a 

tl i i-idei- . -. .A I-. ; .. : nincii- pa1-t ~f t h i s  i -C i ; td  bii-iclei-9 c I u t I z ~ = s ~  v r s ?  ai--icl eoi-e 

T h e  methcld b y  w h i c h  t h e  l i g n i n  is o r i g i n a l l y  e x t r a c t e d  from t h e  

wond w i l l  a f f ec t  t h e  s t r u c t u r e  and t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  

s u b s t a n c e .  

One ctf t h e  m o s t  i m p o r t a n t  l i g n i n  r e a c t i o n s  i f  t h e  

5 ~ 1 f c t n a t i c t n  of 1 i g n i n  i n  which  S u l f c i n a t e  i o n s  a t t a c h  t o  t h e  

1 i g n i n  f o r m i n g  l i g n a s u l f o n a t e .  T h e  s u b s t a n c e  farmed by t h i s  

m e t h o d  is a l i g h t  p u w d e r .  The p a w d e r  h a s  a b u l k  d e n s i t y  of 11.23 

l b s i f t  9 a t a p  d e n s i t y  o f  18 .72  I b s / f t  an e x t r e m e l y  l a w  vapcir 

p f e ~ s u r e ~  a n d  a h i g h  g r e e n  s t r e n g t h .  T h e  powder  is h i g h l y  

sc11ubI . e  i n  w a t e r .  When m i x e d  w i t h  t h e  l u n a r  f i n e s  a n d  w a t e r ?  t h e  

a 8 
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1 i g n o s u l f o n a t e  is s u s p e n d e d  t h r o u g h u u t  t h e  s l u d g e .  When a vacuum 

is p u l l e d  C I ~  t h e  m i x t u r e  t o  ex t r ac t  t h e  w a t e r  t h e  1 i g n o s u l f o n a t e  

r e m a i n s  w i t h  t h e  s c l i l d  p r c t d u c i n g  a s t i - c ~ n g  b r i c k  cclmpcIsed ctf 99 

vcilume p e r c e n t  l u r a r  soi 1 and 1 vctlume p e r c e n t  b i n d e r .  

a 

T h e  1 i g n c t 5 u l f c I n a t e  m a i n t a i n s  t h e  d e s i r a b l e  p r o p e r t i e s  a t  a 

l a r g e  range of t e m p e r a t u r e s  and  t h u s  t h e  p r o c e s s  is r e s t r i c t e d  b y  

t h e  t e m p e r a t u r e  af t h e  w a t e r  m o r e  t h a n  t h e  t e m p e r a t u r e  o f  t h e  

l i g n i n .  A t  a temperature a f  77 F:. t h e  p r o c e s s  will tal::e p l a c e  

w i t h  nu d i f f i c u l t y .  The  vcllume o f  water a d d e d  t a  t h e  m i x t u r e  

is 0.108 f t  . Too l i t t l e  w a t e r  w i l l  n o t  e n s u r e  s u f f i c i e n t  

s p r e a d i n g  o f  t h e  b i n d e r  throcrghoLrt t h e  l u n a r  5oi 1 w h i l e  an 

o v e r a b u n d a n c e  of w a t e r  may leave t h e  f i n a l  struc t c r r e  t o o  p c t r o u s .  

, 

a 



Material A c q u i s i t i o n  a n d  Hand1 incj 
4 

0. T h e  f u n d a m e n t a l  o b j e c t i v e  of material  a c q u i s i t i o n  a n d  

h a n d 1  1\39 is t o  p r o v i d e  t h e  r a w  mater ia l s  n e c e s s a r y  t o  i m p l e m e n t  . 
t h e  b r i c k  mak ing  p i - o c e s s .  T h e  r a w  mater ia l  m u s t  n o t  o n l y  b e  

p r o v i d e d  a t  a s u i t a b l e  r a t e ,  b u t  a lsa  i t  m u s t  h a v e  s p e c i f i c  

p r o p e r t i e s  w h i c h  w i l  1 d e t e r m i n e  t h e  ~ ~ i c c e s s  o f  t h e  p r o c e s s .  b 

T h e s e  p r u p e r t  ies are d e n s i t y  a n d  t e m p e r a t u r e .  

e T h e  d e n s i t y  of t h e  raw material  w i l l  d e t e r m i n e  t h e  

p e r m e a b i l i t y r  p o r c i s i t y r  v i s c a s i t y ! ,  d r y i n g  r a t e ,  a n d  s t r e n g t h  

p r c t p e r  t iec, thrc iughclu t  t h e  p r o c e s s .  I t  w a s  or i g i r i a l  l y  t h o u g h t  

t h a t  an e l a b o r a t e  s i f t i n g  and c r u s h i n g  p r o c e s s  was n e c e s s a r y  t o  

p r o v i d e  a s u i t a b l e  d e n s i t y ;  hctwever-s  c l o s e  e x a m i n a t i o n  o f  t h e  

c lunar s u r f a c e  r e v e a l s  p r o p e r t i e s  ~ t~ l - r ich  c a n  g r e a t l y  s i m p l i f y  t h i s  

p r o c e s s .  
4. 

F i r s t ,  t h e  outer l a y e r  c*r r e g o l i t h  o f  t h e  moon is a "pi-e- 

s i f t e d "  l a v e r .  Nater ia l  i n  t h i s  l a y e l -  has a diarnptpr- r a n g e  f r a m  

e 120 m i c r o m e t e r s  t u  3 m i l l i m e t e r s .  The  r e s u l t  o f  t h i s  

d i s t \ - i b c . i t i o n  is a n  a g g i - i y a t e  f r e e  d e n s i t y  o f  1.17 q /cm and a 
3 

sha1::ei-r down d e n s i t y  of 1.20 g / c m  . T h i s  d e n s i t y  is s u i t a b l e  f o r  

3 

0 . t h e  b r i c k  m a k i n g  p r o c e s s .  

In  a d d i t i o n  t o  p r o v i d i n g  a cons i s t an t  d e n s i t y y  t h e  r e g c l l i t h  

4 has a n o t h e r  c o n v i e n i e r i t  p r o p e r t y .  The t e m p e r a t u r e  of t h i s  l a y e r  

a between 0.15 m amd 1 m v a r i e s  o n l y  2 d e g r e e s  K e l v i n .  Heyclnd 1 

m e t e r  , t h e  t e m p e r a t u r e  is a ccinstai-i t  252 d e q r e e s  K e l v i n .  

* . By u s i n g  t h e  m a t e r i a l  i n  t h e  r e g c l l i t h 7  c r u s h i n g  is 

e 
A 

el i m i n a t e d  a n d  s i . f t i n g  is r e d u c e d  ~ C I  a s i n g l e  s t a g e  p r o c e s s .  I n 

a d d i t i o n ,  t h e  h e a t i n g  a n d  c c m l i n g  r e q u i r m e n t s  are r e d u c e d .  
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S e v e r a l  c a n v e n t  i o n a l  m e t h o d s  fo r  a c q c i i s i  t i o n  o f  t h e  i-ego1 i t h  

w e r e  s u g g e s t e d .  A 1  1 b u t  cane w e r e  re jetted p r i m a r i l y  b e c a u s e  t h e y  

d i d  n c l t  a l l c t w  f o r  t h e  c o n t a i n m e n t  of t h e  ma te r i a l  i n  t h e  low 

g r a v i t y  e n v i r o n m e n t .  The  r e m a i n i n g  me thod  w a s  t h e  s c r e w  pump. 

T h e  d r i v e  s y s t e m  c o n s i s t s  o f :  

1 . M o t u r  
2. C l u t c h  
3 .  T r a n s m i s s i o n  

T h e  s e l e c t i o n  of t h e  m u t c : t r  depei-ids ctn a number u f  

1- e q ci i i- emen t 5 . I t  m u s t  p r o v i d e  t h e  tc trque  necessary; i t  mcist 

e f f i c i e n t l y  use t h e  a v a i l a b l e  p o w e r ;  f i n a l l y ,  i t  m u s t  w e i g h  a s  

l i t t l e  a s  p o s s i b l e .  

The t o r q u e  r e q u i r m e n t s  w e r e  est insa ted  by t h o s e  r e q u i r m e n t s  

n e c e s s a r y  t o  d i g  so i l  o n  t h e  e a r t h .  For a 5"  d i a m e t e r  a u g e r  b i t z  

d l - i l l i 1 7 g  t u  a d e p t h  of f o u r  f e e t ,  t h e  p e a k  t c l r q u e  r e q u i r e d  is 140 

f t * . l b s .  T a  a c h i e v e  t h i s  t o r q u e  d i r e c t l y ?  t h e  rncltor m u s t  be  

l a r g e .  By i n c a r p o r a t  i n y  a s m a l  1 t r a n s m i s s i o n  s y s t e m .  w e  c a n  i.ise 

a much smaller  m o t o r  ta g e t  t h e  r e q u i r e d  toc ique .  A s i m p l e  

t i -a \ - i smiss ic tn  w h i c h  r e d u c e e l  t h e  i n p u t  t o r q u e  g r e a t l y  is t h e  u5e o f  

a s t r a i g h t  b e v e l  g e a r  a r r a n g m e n t  i n  w h i c h  t h e  g e a r  r a t i o  is 3: 1 .  

f t w l b s .  b i i t h  t h i s  r e d u c e d  t c t r q u e 3  a much sma l l e r  motclr may b e  

11-1 a d d i t i o n  t u  p r o v i d i n g  t h e  n e c e s s a r y  t o r q u e ,  t h e  motcii- 

m u s t  use t h e  a v a i l a b l e  power arid u s e  i t  e f f i c i e n t l y .  The ~ c : t w e r  

I *  

k 
1 i  
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is a s s u m e d  t o  b e  p r u v i d e d  b y  d i r e c t  c u r r e n t .  A s e a r c h  uf 

a v a i l a b l e  D.C. m o t o r s  r e v e a l e d  t h e  b e s t  t y p e  o f  m o t o r  f o r  t h e  

luna i -  5 c r e t n  pump a p p l i c a t i o n  t o  b e  t h e  t o r q u e  m o t o r .  T o r q u e  

m c i t o i - s  p r o v i e d  h i g h  t o r q u e  w i t h  low w e i g h t  a n d  l o w  RPM. O f  t h e  

a v a i l a b l e  D.C. t o r q u e  m o t c x t - s ?  t h e  b e s t  t h a t  h a d  a 50 f t * l b  

o p e r a t i n g  t o r q u e  n e e d e d  o n l y  .5 t-IF' a n d  w e i g h e d  o n l y  13.8 l b s .  

The d i - i v e  s y s t e m  o-f t h e  pump is n o t  y e t  c o m p i e t e .  Eiecause 

t h e  l o a d  on t h e  m o t o r  is c y c l i c a l  a n d  s u b j e c t  t o  s h c l c k s  a c l u t c h  

is n e c e s s a r y  t o  avo id  d a m a g i n g  t h e  ~~cxtcxi- a n d  a d d i t i o n a l l y  a1 l o w s  

t h e  S ~ O W  s t a r t  u p  RPM r e q u i r e d  i n  d i g g i n g .  C l u t c h e s  d i v i d e  i n t o  

t h e  f o l l u w i n g  c a t e g n r i e s  - m e c h a n i c a l  c o n t a c t  ? e l e c t r o m a g n e t i c  

f l u x  a n d  f l u i d .  

M e c h a n i c a l  cctntact  c l u t c h e s  s u c h  as t h e  d i s k  a n d  p a d  

a s s e m b l y  w e r e  r e j e c t e d  b e c a u s e  of t h e  h e a t  t h e y  b u i l d  LIP a n d  t h e y  

n e e d  p a r t s  p e r o d i c a l l y  r e p l a c e d .  F l u i d  c l u t c h e s  w e r e  r e j e c t e d  

b e c a u s e  t h e y  are  b u l k y  a n d  have p r o b l e m s  w i t h  s o n i c  l e a k a g e  i n  a 

vacuum envi rcxnment  . 
T h e  r e m a i n i n g  c a t e g c t r y l  e l e c t r o m a g n e t i c  flu: . : .  d i v i d e s  i n t o  

t h r e e  p a r t s  - e d d y  c u r r e n t ?  h y s t e r e s i s ?  a n d  m a g n e t i c  p a r t i c l e .  

T h e  m a g n e t i c  p a r t i c l e  c l u t c h e s  w e r e  r e j e c t e d  b e c a u s e  t h e i r  

Cctnt inuctuS s l i p  mode c r e a t e s  a g r e a t  a m o u n t  of h e a t .  O f  t h e  twcl 

r e m a i n i n g ?  t h e  e d d y  c u r r e n t  c l u t c h  was c h o s e n  b e c a u s e  o f  i t s  

1cxwei- p o w e r  ~ o n ~ c . u n p t i c ~ i ~ .  O f  t h e  a v a i l a b l e  e d d y  c u r r e n t  c : l ~ \ t c h e s y  

t h e  b e s t  Si3 i t w i b  m o d e i  CCi17=Llnied 15 HF; at peek t u i - q u e  a n a  w e i g h e d  

42 l b 5 .  

T h e  screw per fc i rm two j c i t s s .  F i r s t s  i t  d i g s  i n t o  t h e  g\-cxL\iTd 

a t  t h e  l e a d i n g  e d g e .  Ne:.:tl i t  t r a n s p o r t s  t h e  mater ia l  a l o n g  t h e  

12 
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f l i g h t i n g s .  B e c a u s e  o f  t h e  d u a l  p u r p o s e  of  t h e  s c r e w ,  t h e  

l e a d i n g  e d g e  mus t  b e  h e l i c i c l d a l  a n d  h a v e  s h a r p  f l i g h t i n q s .  A s  

t h e  mater ia l  t r a v e l s  up  t h e  s c r e w F  a s h a f t  m u s t  b e  i n t r o d u c e c l  t o  

p r e v e n t  b e n d i n g  a n d  c u p s  a t  t h e  o u t e r  e d g e  o f  t h e  f l i g h t i n g s  a r e  

i n c c t r p o r a t e d  t o  r e d u c e  f r i c t i c t n  a t  t h e  w a l  1 . 
T h e  l e n g t h  o f  t h e  5 c r e w  w i t h  f l i g h t i n g s  i s  f o u r  feet .  T h i s  

a.1 ICoW.: +he .:Cl-e(LI tc! pPly”t!-ate pJel 1 i ? ? t c ?  the reg%:! it;!? !&YE?!’ :-:!’?j. ?e 

m a i n t a i n i n g  a r e a s o n a b l e  c t v e r a l  1 h e i g h t  o f  t h e  s c ~ e w  pump 

mechan i sm.  The  s c r e w  s h a f t  e x t e n d  t h r o u g h  t h e  h a u s i n g  and is 

s u p p o r t e d  b y  two b e a r i n g s .  T h e  b e a r i n g  l o a d s  w e r e  c a l c u l a t e d  a s  

w e r e  t h e  l o a d s  on t h e  d r i v e  s h a f t  b e a r i n g s .  B e c a u s e  t h e  l o a d  is 

a ccimhined t h r u s t  a n d  r a d i a l  l a a d  CII-I a1 1 the  b e a i - i n g s ,  t a p e r e d  

r o 1  lei- b e a r i n g s  were s e l e c t e d  f o r  u5e. B e c a u s e  t h e  b e v e i  gear  

a r i - angmen t  exerts t h e  same t h r u s t  r e g a r d l r s s  o f  d i r e c t i o n  o f  

r o t a t i o n  , t h e  d r i v e  s h a f t  b e a r i n g s  m u s t  b e  i n d i r e c t l y  m o u n t e d ,  

and t h e  s c r e w  s h a f t  h e a r i n g s  s h o u l d  b e  d i r e c t l y  mctunted. 

Once  t h e  sail  h a s  r e a c h e d  t h e  t o p  o f  t h e  s c r e w ,  i t  is 

c o m p r e s s e d  i n t o  a f l e x i b l e  t u b e  and t r a n s p o r t e d  t o  t h e  s i c 1 1  b i n .  

By u s i n g  a f l e x i b l e  t u b e r  t h e  s c r e w  pump may h e  moved tct varietur; 

l c l c a t i c t n s  arctund t h e  b i n  b e f c l r e  t h e  b i n  n e e d s  t o  be mctved. Dry 

mater ia l  h o s e s  w h i c h  cctmbine w e a r  r e s i s t a n t  r u b b e r  w i t h  h i g h  

S t i - E n g t h  s teel  seen) t o  be a p p r o p r j . a t e  for t h i s  a p ~ J l i c a t i c l n .  

The  h o u s  i ng shct u 1 d b e  c o n s  t i -  uc t e d  o f  A 0 3 3 3 0 - T c j  a 1 urn i num 

a l l ~ * y  C G . ~ C ; ~ . ~ > ~ C J ,  T h i s  ~ i l 1  give t h e  ~ C ~ L ! C : ~ I T C J  s L \ i t a b l g  ~ t ? - ~ ~ : g t h  a ~ d  

l i g h t w e i g h t .  A l s o  by  c a s t i n g  t h e  hirtusing , t h e  m a c h i n i n g  

n e c e s s a r y  tcl  f o r m  t h e  mcitor , c l u t c h  and t r a n s m i s s i o n  m c t u r i t s  

c o u l d  b e  r e d u c e d  s i g n i f i c a n t l y .  

T h e  sci-elr~ pump mechanism is a b l e  tc l  s u p p l y  t h e  n e c e s 5 a i - y  3.7 

* 13 
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f t  /hi- b y  d i g g i n g  one h o l e  e v e r y  4.5 m i n u t e s .  T h i s  shc lu ld  a l l o w  

p l e n t y  of t i m e  f a r  s i g h t  s e l e c t i o n  a n d  mc1vemen.t o f  t h e  pump a n d  

al .1ow s t o c k p i l i n g  i n  t h e  s o i l  b i n .  

Mater  i a 1 Hand 1 i nc~  

O n c e  t h e  s c 1 i 1  h a s  b e e n  pumped t h r o u g h  t h e  f l e x i b l e  t u b e ? ,  i t  

is i n t r o d u c e d  i n t o  a c y l i n d r i c a l  t u b e  w i t h i n  t h e  s o i l  b i n  w h i c h  

r o t a t e s  a t  a p p r c t x i m a t e l y  1000 RPM. T h i s  h a s  t w c t  e f fec ts .  F i r s t ? ,  

i t  s h e a r s  t h e  c l u m p s  o f  soil  i n t o  f ine p a r t i c l e s  a n d  a l l c t w s  t h e m  

t o  p a s s  t h r o u g h  t h e  5cr~e1-1. S e c o n d l y ? ,  t h e  d y n a m i c  a c t i v i t y  h e l p s  

t a  h e a t  t h e  soil.  The p a r t i c l e s  w h i c h  a r e  a n  e i g h t h  of a n  i n c h  

01- l a r g e r  ai-e c a r r i e d  o u t  t h e  o p p a s i  te end o f  t h e  s c r e e n  t u b e  b y  

a s l o w l y  r o t a t i n g  (20  RPM) s c r e w  a n d  exit t h r o u y h  a drclp s h u t e .  

Any p a r t i c l e s  w h i c h  t e n d  to g e t  c a u g h t  i n  t h e  s c r e e n i n g  are 

f a r c e d  b a c k  c t u t  i n  t h e  c y l i n d e i -  b y  m e a n s  o f  a nyluiq b r u s h  w h i c h  

e > t t p i > d s  the lerqi-.!, c!f +he F . C I - ~ E ? Y ? .  4 dpf'1ncrtc!)- is p z s i t i r i n ~ d  

a l o n g  t h e  a x i s  of  t h e  screen tcl .force p a r t i c l e s  in t h e  p r e f e r r e d  

o u t w a r d  d i r e c t i o n .  The s c r e e n  a s s e m b l y  is p o w e r e d  b y  a 3OC1 f t * l b  

D.C. t c t r q u e  m o t o r  c c t n n e c t e d  d i r e c t l y  t o  t h e  s c r e e n  s l e e v e  and a 

t r a n s m i s s i o n  s u p p l i e s  p o w e ! r  to t h e  s c r e w .  

O n c e  t h e  mater ia l  is i n s i d e  t h e  b i n s  t h e  t e m p e r a t u r e  may b e  

r a i s e d  b y  e ' x p o s i n g  i t  t o  s u n 1  i g h t  . Once t h e  d e s i r e d  t e m p e r a t u r e  

is r e a c h e d  t h e  5oi 1 may be  k e p t  w i t h i n  t h e  d e s i r e d  tempe?i-a'bi.o-.e 

r a n g e  b y  p e r i o d i c a l l y  e x p o s i n g  i t .  T h i s  may b e  d o n e  b y  covei-ii-ig 

t h e  b i n  w i t h  a v o l t a g e  s e n s a t i v e  PJii7dCtw w h i c h  t r a n s m i t s  i n  t h e  

i n f r a r e d  when no v o l t a g e  is a p p l i e d  arid i s  o p a q u e  when v o l t a g e  is 

a p p l i e d .  t i5  i m p o r t a n t  t o  keep  t h e  s o i l  a t  a d e p t h  no  m c t r e  t h a n  

e 14 
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15 c m  when i n i t i a l l y  h e a t i n g .  The low t h e r m a l  coiTdLtc ' t ivi ty  ctf 

t h e  sr l i  I (1 .9  k c a l / m * h r * d e g )  d o e s  n o t  a l l o w  f o r  g r e a t e r  d e p t h s  t u  

w a r m  . 
F i n a l l y s  t h e  s c l i l  i f  t r a n s m i t t e d  t u  t h e  v e r t i c a l  screw by 

means of a h o r i z a n t a l  sc rew a t  t h e  b a s e  ctf  t h e  s a i l  b i n .  T h i s  

s c r e w  i5 d r i v e n  by t h e  same t y p e  c ~ f  mcttclr as t h e  s c r e e n  a s s e m b l y .  

L 

a 

b 

. 
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f ct i- mo v i ng b u  1 L:: m a t  el- i a l s a n d  

s c r e w  r o t a t i n g  i n  a s t a t i o n a r y  

c o n s i s t  

tl-clugh I 

Screw c o n v e y c l r s  are  one  u f  t h e  ctldecJt a n d  s i m p l e s t  m e t h o d s  

pi- i m a r i  l y  of a canveyc t r  

Material  p l a c e d  i n  t h e  

t r o u g h  is maved a l o n g  i t s  l e n g - h  b y  ~ - c t , a t i c t n  o f  t h e  S C ~ E W J  w h i c h  

is s u p p o r t e d  b y  h a n g e r  b e a r i n g s .  I n l e t s ,  c t u t l e t s ,  g a t e s  a n d  

a t h e r  accessories c o n t r o l  t h e  mater ia l  a n d  i t s  d i s p o s i t i o n .  

Screw c c ~ n v e y c t r s  a re  c o m p a c t  e a s i l y  a d a p t e d  t o  c o n g e s t e d  

l o c a t i o n s  a n d  c a n  be mounted  h o i - i z c t n t a l  , v e r t i c a l  a n d  i n  

i n c l i n e d  c o n f i g u r a t i o n s .  They can also b e  u s e d  t u  c u n t r c t l  t h e  

f l a w  of mater ia l  i n  p r a c e s s i n g  c t p e r a t i o n s  w h i c h  d e p e n d  c.tpctn 

a c c u r a t e  b a t c h i n g  o r  a s  a m i x e r  t o  b l e n d  d r y  i n g r e d i e n t s .  

S c r e w  f e e d e r s  are m o d i f i e d  screw cctnveyorc,  u s e d  t o  c c t n t r o l .  

the flctw c t f  ma+.et-ial at a CC!I~E .+ .~ I?+  c > ~ -  \ 7 ~ . s , y F . z t ! l ~  >-ate f ~ - = m  h ~ p p p j - ~ . ~  

b i n s  o r  t a n k s .  T h e y  a re  s u i t a b l e  f o r  h a n d l i n g  a w i d e  v a r i e t y  ctf 

n a t e r i a l s  r a n g i n g  frctm fines t o  a c a m b i n a t i o n  o f  f i n e s  a n d  l u m p s .  

Under  many c o n d i t i o n s  f e e d e r s  a r e  a l sa  u s e d  a s  a v a l v e .  T h e s e  

f e e d e r s  are t c l t a l l y  e n c l c l s e d  a n d  cclmpact , s i m p l e  i n  d e s i g n  a n d  

d u s t  t i g h t .  

Cclnveyclr s c r e w  w i t h  d r i v e  s h a f t  

T h e  cctnveyctr screw is t h e  r o t a t i n g  p a r t i o n  ctf a s c r e w  

cctnveyclr w h i c h  i m p a r t s  smcloth a n d  p o s i t i v e  m o t i o n  t o  t h e  bull: :  

m a t  el- i a 1 b e i ng t 1- a n s p  CI t- t ed . I t  c c t n c , i s t s  ctf s p i r a l  f l i q h t i n g  
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moctnted o n  a p i p e  a n d  is made e i t h e i -  o f  r i g h t  o r  lef t  h a n d  s c r e w  

t o  s u i t  t h e  s c r e w  r o t a t i o n  and t h e  d e s i r e d  d i r e c t i o n  of  ma te r i a l  

t r a v e l .  

T h e  conveyct r  d r i v e  s h a f t  c o n n e c t s  t h e  cc~i iveyc t r  screw t o  t h e  

d r i v i n g  u n i t  a n d  t r a n s m i t s  r o t a r y  mctt ion t o  t h e  screw. C o u p l i n g  

bu 1 tc, sec~ i re  t h e  d r i v e  s h a f t  i n  t h e  c o n v e y o r  s c r e w .  S t e p p e d  

p i t c h  c o n v e y o r  s c r e w s  a r e  used as f eedeu-  s c r e w ! ;  f o r  h a n d l i n g  

f r i a b l e  lumpy ma te r i a l  f r o m  b i n s  o r  h o p p e r s  ai7d a l s c t  tct d r a w  t h e  

ma te r i a l  u n i f c l r m l y  f r o m  t h e  e n t i r e  l e n g t h  of t h e  f e e d  opei- i ing.  

T h e  d r i v e  s h a f t  a l s o  d e l i v e r s  t h e  d r i v i n g  p o w e r ?  a n d  s h o u l d  

t h e r e f o r e  b e  c a r e f u l l y  d e s i g n e d  af h i g h  q u a l i t y  s teel  of t h e  

p r o p e r  c h a r a c t e r i s t i c s  tcl p r o v i d e  a d e q u a t e  t u r q u e  b e n d i n g  a n d  

s h e a r  s t r e n g t h ;  a n d  w i t h  c l o s e l y  cco-itrctl l e d  t o l e r a n c e s  f o r  

c c t r r e c  t b e a r i n g  c learancec,. T h e  cclnveyctr e n d  s h a f t  s u p p o r  tc, t h e  

l a s t  s e c t i o n  of t h e  screw a n d  s h o u l d  b e  f u r n i s h e d  w i t h  c l o s e  

tolm-al . iceS f o r  p r o p e r  o p e r a t i o n  i n  e n d  b e a r i n g .  

S p e c i f i c a t i o n s  

Tu f a c i l i t a t e  the selection c l f  p r o p e r  s p e c i f i c a t i o n s  f u r  a 

s c r e w  c o n v e y o r -  fctj- a p a r t  icirlar d u t y  s c r e w  cctnveyctrs  a r e  b r o k e n  

down i n t o  t h r e e  compctnent g r o u p s .  Because t h e  mater ia1 to b e  

c o n v e y e d  is n o t  l i s t e d  i n  T a b l e  4 ,  t h e n  i ts  c l a s s i f i c a t i o n  code 

may b e  d e t e r m i n e d  f r o m  T a b l e  3. T a b l e  8 is a g u i d e  t o  t h e  p r o p e r  

s e l e c t i c t i - i  of t h e  a p p r o p r i a t e  c o m p o n e n t  g r o u p .  I t  wi l l  b e  

o h s e r v e d  t h a t  i n  a d d i t i o n  t o  t h e  f l o w  c h a r a c t e r i s t i c s  of a 

a 
17 
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mater ia l  c o n s i d e r a t i a n  must b e  g i v e n  t o  m a t e r i a l  s i z e ?  i ts  

a b r a s i v e n e s s  a n d  i ts c o r r o s i v e n e s s  as t h e s e  d e t e i - m i n e  

c c t ~ - i ~ t r u c t  i ctn d e t a i  1s. 

T h e  mater ia l  c h a r a c t e r i s t i c s  i n  T a b l e  4 (See A p p e n d i x  A )  

lists a w i d e  r a n g e  of h u l k  m a t e r i a l s  t h a t  c a n  b e  h a n d l e d  i n  s c r e w  

c c ~ n v e y c ~ r ~ .  T h e  t a b l e  shows  i n  t h e  f i r s t  c o l u m n  t h e  r a n g e  o f  

d e n s i t y  t h a t  can b e  e x p e r i e n c e d  i n  h a n d l i n g  t h a t  material .  T h e  

Itas c o n v e y e d "  d e n s i t y  is n o t  s p e c i f  i c a l  l y  shctwn b u t  i t  is a s s u m e d  

t o  b e  a t  o r  near t h e  minimum. 

T h e  n e x t  c u l u m n  shows t h e  mater ia l  cctde number .  T h i s  

c o n s i s t s  of t h e  a v e r a g e  d e n s i t y ,  t h e  u s u a l  s i r e  d e s i g n a t i o n .  t h e  

f l o w a b i  l i  t y  n u m b e r ,  a n d  t h e  a b r a s i v e  number f o l l o w e d  b y  t h e  

m a t e r i a l  c h a r a c t r i s t i c s  which  a re  t e r m e d  c o n v e y a b i  1 i t y  h a z a r d s .  

Lunar fines w e r e  n o t  l i s t e d  i n  T a b l e  4 ;  ~ C I L - J E V E I - ~  T a b l e s  3 a n d  4 

were u s e d  t o  d e t w - m i n e  t h e  m a t e r i a l  c o d e  a n d  mater ia l  f a c t o r  ? Fm, 

w h i c h  is u s e d  i n  t h e  h c t r s e  p o w e r  f o r m u l a .  

mat'l characteristics 
3 

b u l k  d e n s i t y .  l u o s e  125 l b s / f t  

s i z e  f i n e  , 0 I 132" a n d  under  

f 1 c~ wab i 1 i t y 

a b r a s i v e n e s s  

a s s u m e  s l u g g i s h  

e :t t r e m e  1 y a b  1- as i v ~ '  

code designation 

125 

R h  

4 

7 

T h e r e f o r e ,  t h e  prciper material  c o d e  a n d  r e s u l t i n g  

a p p r o x i m a t i o n  f u r  Fm a r e  t h e  follctwi1-ig:  

18 
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Lump s i z e  l i m i t a t i o n s  

T h e  s i r e  of a sc rew cc tnveyc~r  nctt n n l y  d e p e n d s  u p c a n  the 

r a p a c i t y  r e q u i r e d v  b u t  a l s o  ctn t h e  s i z e  a n d  p r o p a r t i o n  of l u m p s  

i n  t h e  mater ia l  t o  b e  h a n d l e d .  T h e  s i z e  of a lump is d e t e r m i n e d  

b y  its m a x i m u m  d i m e n r - i o n .  G c l c t s e r  d e f  i n i t i c t n  o f  lump s i r e  w o u l d  

tie t h e  d i a m e t e r  o f  a r i n g  th rc lugh  w h i c h  t h e  lump w o u l d  p a s s .  

However  i f  t h e  lump h a s  one d i m e n s i o n  much l o n g e r  t h a n  i t s  

t I- an sver 5 e c 1- o 5 5 - sec t i ca 13 t h e 1 ct n g  d i iiiEi7S i Ci n WD i t  1 d d e t e 1- m i ne t h e 

lump s i z e .  

T h e  c h a r a c t e r  o f  t h e  lump is a l s o  i n v o l v e d .  S o m e  m a t  el- i a 15 

h a v e  h a r d  l u m p s  t h a t  w i l l  n o t  break u p  i n  t r a n s i t  t h r o u g h  a screw 

c o n v e y o r .  I n  t h a t  case p r o v i s i o n s  m u s t  b e  made t o  h a n d l e  t h e s e  

l u m p s .  O t h e r  m a t e r i a l s  may h a v e  l u m p s  t h a t  a re  f a i r l y  h a r d ! ,  b u t  

t h e  lump s i r e  t o  b e  h a n d l e d .  S t i l l  c i t h e r  matei-ials h a v e  l u m p s  

t h a t  a re  e a s i l y  b r o k e n  i n  a s c r e w  c c ~ ~ ~ v e y u ~ -  a n d ?  l u m p s  of t h e s . e  

m a t e r i a l s  i m p o s e  no l i m i t a t i o n s .  
T h r e e  c lasses  of lump s i z e s  a p p l y  a s  f o l l o w s :  

Class 1 

A m i x t u r e  o f  l u m p s  and f i n e s  i n  w h i c h  n o t  m a r e  t h a n  1!:>!4 a r e  

l u m p s  r a n g i n g  f r o m  maximum s i r e  t o  o n e  h a l f  of t h e  maximum; a n d  

?ci% ai-e l u m p s  smaller t h a n  cine h a l f  o f  t h e  m a x i m u m  s i z e .  

19 
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Class 2 

A m i x t u r e  of l u m p s  a n d  f i n e s  i n  w h i c h  n o t  m o r e  t h a n  25% are  

l u m p s  r a n g i n g  f r o n t  t h e  maximum s i z e  t o  o n e  h a l f  of t h e  maximum: 

a n d  75% are  l u m p s  smaller t h a n  cine h a l f  of t h e  maxinium s i r e .  

Class 3 

A m i x t u r e  of o n l y  lumps  in w h i c h  95% CII- m o r e  a re  l u m p s  

r a n g i n g  frcim maximum s i z e  t o  c ~ n e  h a l f  of t h e  maximum; a n d  5% 01- 

less a re  l u m p s  less t h a n  cine t e n t h  n f  t h e  maximum s i z e .  

T h e  a l l o w a b l e  s i z e  o f  a lump i n  a s c r e w  c o n v e y o r  is a 

f u n c t i o n  of t h e  r a d i a l  c l e a r a n c e  between t h e  o u t s i d e  d i a m e t e r  o f  

t h e  central  p i p e  and t h e  r a d i u s  of t h e  i n s i d e  s c r e w  t r o u g h : .  as 

w e l l  as t h e  p r a p o r t i o n  o f  lumps  in t h e  mi:.:. The r a t i o .  E, is 

d e f  i i i e d  as f o l l o w s :  
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Figure C \ 

C a p a c i t y  t a b l e  
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0 

c la s ses  of  m a t e r i a l s  a s  d e l i n e a t e d  b y  c o d e  n u m b e r s .  A l s o  s h o w n  

are  c a p a c i t i e s  i n  c u b i c  feet per h o u r  a t  t h e  m a x i m u m  recommended 

r e v o l u t i o n s  p e r  m i n u t e  0 - p m ) .  

To i n p u t  1.2 c u b i c  f e e t  o f  lunai-. f i n e s  i n  2 m i n u t e s  a s  

r e q u e s t e d  b y  t h e  m i x i n g  g r o u p  t r a n s l a t e . ;  i n t o  a r e q u i r e d  c a p a c i t y  

of 36 c u b i c  feet  p e r  h a u r  . FOY- s c r e w  cc lnveycl rs  h a v i n g  r e g u l a r  

h e 1  i ca l  f 1 i g h t s  a1 1 of s t a n d a r d  s t a n d a r d  p i t c h  t h e  ccii-iveyclr 

s p e e d ?  N 9  may b e  c a l c u l a t e d  by t h e  f o r m u l a :  

0 

0 

e . 

e 

Conveyclr s c r e w  s p e e d s  m u s t  b e  c o n s i d e r e d  when u s i n g  h a r d  

i r o n  b e a r i n g s  o n  h a r d e n e d  c o u p 1  ing s h a f t s  i n  o r d e r  t o  m i n i m i z e  

wear a n d  t a  r e d u c e  t h e  sqc.rea1i13g \- ic : i ic ,e  o f  d r y  m e t a l  cirt d r y  m e t a l .  

C h e c k i n g  t h e  compctnent  g r o u p  d e s i g n a t i o n  (313) f o u n d  o n  T a b l e  S 

i n d i c a t e s  h a r d  i r o n  w i l l  b e  u s e d  i n  t h i s  a p p l i c a t i o n .  T h e  

f o l  lc twing f o r m u l a  g i v e s  maximum recommended o p e r a t i n g  s p e e d :  

22 0 
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T h e  ma:.:imum o p e r a t i n g  rpm of t h e  s c r e w  is c a l c u l a t e d  t o  b e  

(12(:))/(2) o r  60 rpm. The  r e q u i r e d  rpm af 48 is le55 t h a n  t h e  

maximum r p m j  t h e r e f o r e  , 1-1~1 c h a n g e  i n  d e s i g n  is 1 - e q u i r e d  . 

b 

8 

, 
0 

e 

t 

. 
0 

I 

F r o m  T a b l e  1 3 9  for  a cctmpcrnent g r o u p  I) , t h e  h a n g e r  b e a r i n g  

f ac t c r i - ,  F b ,  is 4.4.  The e q u i v a l e n t  l e n g t h  of t h e  f e e d e r  is 

c a l c u l a t e d  f r o m  t h e  f c r l  lclwincj cquat i o n :  

L = L + B/6 + C / 1 2  
f 1 

E a n d  C are o b t a i n e d  from T a b l e  16. a n d  F i g u r e  F: shows what 

d i m e n s i o n s  I3 arid C refer t o  on a s i n g l e  screw f e e d e r .  L is e q u a l  
1 

t o  the l e n g t h  of t h e  f e e d e r ,  w h i c h  is c h o s e n  t o  b e  7 feet .  F o r  a 

6 i n c h  d i a m e t e r  s c r e w ,  B is g iven  a s  3h a n d  C is g i v e n  as 12. 

T h e  e q u i v a l e n t  l e n g t h  t h e r e f o r e ,  is 14 feet .  

From T a b l e  14 t h e  C D ~ V ~ Y C ~ I -  facto)- ,  F d ,  is g i v e n  as 18 f c t r  a 

6 i n c h  d i a m e t e r  s c r e w .  

P~tlc~ej- r e q u i r e d  

The c a l c u l a t i o n  of t h e  r e q u i r e d  hctrsepctwe\- t o  o p e r a t e  S C ~ \ - ~ L ~ J  

feeders i n v c r l v e s  t h e  additicti-1 clf t w o  h o r s e p o w e r s ,  ctne f a r  t h e  

- -  23 
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t .. e m p t y  f e e d e r  f r i c t i c t i i s  a n d  t h e  o t h e r  for t h e  ma te r i a l  f r i c t i o n .  

Horsepclwer  fur  a s i n g l e  s c r e w  f e e d e r  15 a s  fc i l lc lws:  

0 
HP a n d  H P  are  d e f i n e d  a5 f o l . l o w s :  

a b 

4 

e 

. 
0 

L 

(. 

w h er e 

nomenclature 

C = C a p a c i t y  i n  f t 3 / h r  

W = D e n s i t y  of mater ia l  i n  l b s / f t  
3 

L = E q u i v a l e n t  l e n g t h  i u s  f t  

L = L e n g t h  of f e e d e r -  i n  f t  

N = Speed of screw r c l t a t i a n  i n  rpm 

f 

1 

Fb = H a n g e r  b e a r i n g  f a c t o r  ( T a b l e  13) 

Fd = Conveyor d i a m e t e r  f a c t o r  ( T a b l e  14) 

Fm = Material  f a c t o r  ( T a b l e  4 )  

FCI = Over i c l ad  F a c t o r  i f  i g u r e  1 4 )  

values 

36 

125 

14 

m 
/ 

48 

4 . 4 

1.8 

2.8 

e = e f f i c i e n c y  of the d r i v e  s e l e c t e d  



R e f e r r i n g  t u  F i g u r e  Dz t h e  f a c t o r  Fcl d e p e n d s  u p a n  t h e  5 ~ i m  of 

t h e  horsepciwei- f o r  f r i c t i o n  o f  t h e  e m p t y  c c + n v e y o r  ( f e e d e r  i n  t h i s  

case) a n d  t h e  hc t r sepower  o f  mater ia l  f r i c t i o n .  I n  t h i s  e x a m p l e  

t h e  sum is (.027) + ( .176) = .203 k i p ?  a n d  Fo is a p p r o x i m a t e l y  3. 

T h e n  a s s u m i n g  a s l i g h t l y  less t h a n  t y p i c a l  d r i v e  e f f i c i e n c y  

rif 7’5% yields a HF‘ r e q t - l i r e m e n t  c l f  =81 HF’; t h e ~ - e f ~ ! - p  u s i n g  2 1 

m c t t o r  w i t h  s p e e d  r e d u c t i n n  t a  48 rpm wcluld a c h i e v e  t h e  n e c e s s a r y  

f low ra te .  

T h e  t h e o r e t i c a l  e s t i m a t e d  p o w e r  requirements  j u s t  c a l c u l a t e d  

ccli i ld b e  e x c e e d e d  t u  t h e  e x t e n t  t h a t  t h e  f u l  1 1 h o r s e p o w e r  o f  t h e  

m o t o r  wctuld L e  u s e d .  T h e r e f o r e z  a1 1 componei- i ts  o f  t h e  power  

t r a i n ?  t h e  feeder s h a f t ?  t h e  screw p i p e  s h a f t ,  a n d  t h e  s c r e w  

i tself  s h o u l d  be c a p a b l e  ctf w i t h s t a n d i n g  - a t  t h e  s p e e d s  i n v o l v e d  

f o r  e a c h -  t h e  t o r s i c l n  f o r c e  01- torque o f  a f u l  1 1 hclrsepctwer .  

T a b l e  15 1 ists t h e  t c t r s i c l n a l  c a p a c i t i e s  o f  s c r e w  cclnveyclr 

c o m p u n e n t s .  

T a b l e  15 cclmbii-tes t h e  v;J.;- i c tu s  t c l r s i o n a l  r a t i n g s  o f  b o l t s ?  

c c t u p l i i - \ g s  a n d  p i p e s  50 t h a t  i t  is e a s y  t o  ccmpai-e t h e  t o r s i c t n a l  

r a t i n g s  ctf a l l  stressed p a r t s  ctf s t a n d a r d  (~1c1nveyc .1~’  screws.  The 

t a b l e  c a n f o r m s  to t h e  CEMA S c r e w  C O I - \ V ~ ~ U I -  S t a n d a r d  No. 30il. T h e  

tct\-~jc:ti3~i1. V ~ ~ U E J S  a,\-e cc ln f inml  t c l  the  .;iz.ec; 1 i s t e d  ir! t h a t .  

s t a n d a r d .  
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T h e  l o w e s t  t o r s i c a n a l  r a t i n g  f i g u r e  f o r  a n y  g iven  s i z e  of 

c o u p 1  i n y  w i  11 b e  t h e  cane t h a t  d e t e r m i n e s  how much hcri-sepc*wei- may 

b e  s a f e l y  t r a n s m i t t e d .  T h e  qcavern ing  e q u a t i o n  is as f o l l o w s :  
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T h e  t o r q u e  d e v e l a p e d  by a 1 tlF' m o t o r  a t  a s p e e d  of 48 rpm is 1313 

i n .  l b s . .  T h u s  i t  can b e  seen t h a t  t h e  s h a f t  i tself  is t h e  

l i m i t i n g  f a c t o r ?  a n d  a 1.5 i n c h  s h a f t  d i a m e t e r  is r e q u i r e d  fcar 

t h i s  s y s t e m .  

C o u n t e r  s h a f t  t r o u g h  e n d s  ? as shown i n  f i g u r e  X ? are 

recammended t o  1 i m i  t t h e  i n t e r f e r e n c e  w i t h  t h e  m i x e r .  

Appl  i c a t i c l n  o f  c o u n t e r s h a f t  t r o u g h  e n d s  p e r m i  ts d r i v e  

i n s t a l l a t i o n s  a l o n g s i d e 9  a b o v e  Cui- b e l o w  t h e  conveyctt- a n d  pei-mi ts 

t h e  u s e  o f  h o r i z o n t a l  d r i v e s  fcar i n c l i n e d  ccanveyctrs.  

A r e r t a n g u l a r  t r a u g h  m a y  b e  made as i l l u s t r a t e d  i n  f i g u r e  Y 

frcrm a s i n g l e  s teel  s h e e t  CIT w i t h  s i d e s  a n d  b o t t o m  o f  s e p a r a t e  

p i e c e s ?  d e p e n d e n t  upcrn  s i z e  a n d  g a u g e  crf metal .  I t  is 

reccammended t o  h a n d l e  a b r a s i v e  m a t e r i a l s  c a p a b l e  o f  f c t rming  a 

l a y e r  of mater ia l  cat1 t h e  bclttom caf t h e  t r a u g h .  T h e  mater ia l  t h u s  

moves can i tsel f  pra tec t inq  t h e  t r u u g h  f r o m  u n d u e  w e a l - .  

No. 22h h a n g e r s  shcawn i n  f i g u r e  Z h a v e  a r i g i . d ?  f o r m e d - s t e e l  

box frame w i t h  c l e a r a n c e  f o r  p a s s a g e  of ma te r i a l  i n  l a r g e  volctmc. 

T h e y  a r e  mounted w i t h  i n  t h e  ccll-iveycai- t r o u g h  a n d  a r e  fui-i-i ished 

2b 
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w i t h  h a r d  i r o n  b e a r i n g s .  

T a b l e  1 g i v e s  a1 1 n e c e s s a r y  d i m e n s i o n s  w i t h  t h e  e x c e p t i o n  of 

cccnveycir screw l e n g t h  w h i c h  can b e  f u r n i s h e d  tci sui t t h e  r e q u i r e d  

e q u i v a l e n t  l e n g t h  o f  I4 fee t .  A s e c u n d a r y  c a t c h  t r o u g h  w i  11 a l s o  

b e  r e q u i r e d  t h a t  w i l l  f a c i l i t a t e  t h e  r e t u r n  of l u n a r  f i n e s  t n  t h e  

l o a d i n g  b i n  a s  shown i n  f i g u r e  00. T h i s  r e t u r n  s y s t e m  is 

c a n t  inuc1c15 clpei-at i o n  af the s c r e w .  T h r u s t  farces  i n c u r r e d  d u r i n g  

s t a r t  a n d  s t o p  u p e r a t  i a n  would catise unnecessary w e a r  n u t  o f  t h e  

feeder s u  t h e  s c r e w  w i  11 o p e r a t e  cant  i n u o u s l y  . 

Vcilume c o n t r o l  
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To o b t a i n  t h e  r e q u i r e d  1.2 c u b i c  feet o f  l u n a r  f i n e s ,  a f l a p  

v a l v e  w i l l  b e  o p e n e d  t o  a l l o w  t h e  f i l l i n g  af  an a i r  1ocC:: c h a m b e r .  

A s  t h e  f l o w  r a t e  of f i 1 - w ~  is a l r e a d y  / : : n c : ~ w n ~  +hp f!..=?p .=l.:-?r' X 7 , ' , 7 1 \ [ F .  

13 wil l  r e m a i n  o p e n  f o r  2 m i i i c r t e s  a n d  t h e n  c l o s e .  When t h e  f l a p  

is c l c l s e d  t h e  f i n e 5  w i l l  s i m p l y  b e  r e t u r n e d  v i a  t h e  s e c o n d a r y  

t r o u g h  bacl:: t o  t h e  b i n  ( S e e  D r a w i n g  6). 

T h e  l i g n i n  s u l f o n a t e  is measures a u t  i n t o  a p i p e  t h a t  has a 

v o l u m e  af . ( : ) I2  c u b i c  f ee t .  Va lve  I A  is o p e n e d  t o  a l l c i w  t h e  

b i n d e r  t o  f i l l  t h e  c o n n e c t i n g  p i p e .  Then v a l v e  i A  is c l c i s e d  a n d  

v a l v e  2 A  is cipened and t h e  l i g n i n  is e m p t i e d  ii-itci the 

i n t e r m e d i a t e  c h a m b e r  a n d  i n t r o d u c e d  i n t o  t h e  m i x i n g  c h a m b e r  w i t h  

t h e  lui-iar f i n e s .  I i - i t rc iducing t h e  1 i y n i n  s u l f c i n a t e  aloi-ig w i t h  t h e  

l u n a r  f i n e s  w i  I 1  h e l p  k e e p  t h e  1 i g n i n  s u l f c i n a t e  f r o m  duE;-,tii-ig t h e  

g e a r s  i n  t h e  m i x i n g  c h a m b e r .  

Once  v a l v e  iEC h a s  b e e n  c l o s e d  a n d  v a l v e  24 has beet-) c l c l s e d  



I -  

( i . e .  t h e  i n t e r m e d i a t e  chamber is l o a d e d  w i t h  t h e  f ines and 

b i n d e r )  v a l v e  iZB may b e  ctprned to a l l o w  t h e  fines a n d  b i n d e r  to 

m i x i n g  chamber v i a  g r a v i t y .  Load t i m e  s h c ~ u l d  not  e x c e e d  1 

m i n u t e .  Valve 2 B  s h o u l d  c l o s e  and t h e  c h a m b e r  w i l l  b e  r e a d y  . fo r  

re lctading . 
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T h e  m i x i n g  p r o c e s s  takes p l a c e  b y  c u m b i n i n g  lunar f ines,  

l i g n o s u l f o n a t e .  arid water i n  a m i x i n g  c h a m b e r .  T h e  s u b s t a n c e  is 

t h e n  m i x e d  u s i n g  r e v o l v i n g  s h a f t s  w i t h  a t t a c h e d  s p i k e s .  A.ftei- 

t h e  m i x t u r e  is t h o r u u g h l y  s t i r r e d .  t h e  bcsttom of t h e  m i x i n g  

I 

I 

chamh:e;- opens and t h e  s!~:dga ~ ? C ; W S  i n t c :  t h e  m o l d  it? t h e  chamber 

be 1 O W .  

T h e  t h r e e  i n g r e d i e n t s  ai-e i n p u t  i n t o  t h e  m i x i n g  c h a m b e r  by  

t w o  p i p e s  l o c a t e d  near t h e  t o p  o n  t h e  side:; of t h e  c y l i n d r i c a l  

c h a m b e r .  F i r s t  I t h e  1 i g n o s u l f o n a t e  a n d  t h e  l u n a r  f i n e s  w i  11 b e  

dumped i n t o  t h e  c h a m b e r  a n d  t h e i r  i n p u t  p i p e  s e a l e d  o f f  w i t h  a 

va lve .  N e x t ,  t h e  w a t e r  p i p e  w i l l  b e  o p e n e d  a n d  t h e  water a d d e d  

t a  t h e  c h a m b e r .  T h e  water p i p e  e n t r a n c e  w i l l  t h e n  b e  c l o s e d  w i t h  

a v a l v e  SCI t h a t  t h e  entire chambei- is s e a l e d .  The  a g i t a t c l r s  

a t t a c h e d  t o  t h e  r e v o l v i n g  gears may r e v o l v e  c o n t i n u o u s l y  50 t h a t  

m i x i n g  takes p l a c e  d u r i n g  t h e  a d d i t i o n  o f  t h e  i n g r e d i e n t s .  

S u f f i c i e n t  m i x i n g  s h o u l d  b e  a t t a i n e d  in f o u r  m i n u t e s .  F u r t h e r  

t e s t i n g  may s u g g e s t  t h a t  a l o n g e r  o r  s h o r t e r  amctunt o f  t i m e  is 

a c t u a l l y  r e q u i r e d  f o r  t h e  m i x i n g  p r a c e s s  t o  t ake  p l a c e .  Once 

c o r r t p l e t e d ,  t h e  bot tc lm o f  t h e  m i x i n g  c h a m b e r  w i l l .  he o p e n e d  t o  

a l l o w  t h e  s l u d g e  t o  f l o w  o u t  i n t o  t h e  mold b e l o w .  The  b o t t o m  of 

. .  t h e  mX:-::t-ig c h ~ ~ \ b ~ \ -  w i l l  be sade C l f  a series ~f \./a!?es a t t a ~ h e c !  t ~ !  

one b a r  so t h a t  when t h e  b a r  is moved h o r i z o n t a l l y .  t h e  v a n e s  

w i l l  o p e n  a n d  t h e  s l u d g e  may exi t  t h e  m i x i n g  c h a m b e r .  The  

m i x t u r e  w i  11 t h e n  f l a w  t h r o u g h  a c o n e - - s h a p e d  t u b e  c o r m e c t i n g  t h e  

m i x i n g  a n d  mold  c h a m b e r s .  T h i s  t u b e  is s e a l e d  c l f f  w i t h  a 

0 
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b u t t e r f l y  v a l v e .  T h i s  v a l v e  ctpens t o  a1 l o w  t h e  m i x t u r e  t o  f l o w  

i n t o  t h e  m o l d  a n d  closes t o  ensure a v a c u u m - t i g h t  c h a m b e r  f o r  

w a t e r  r e c l a m a t i c t n .  O n c e  t h e  m i x i n g  c h a m b e r  is e m p t y ?  t h e  b o t t o m  

of t h e  c h a m b e r  a n d  t h e  b u t t e r f l y  v a l v e  w i l l  c l o s e  a n d  t h e  n e x t  

b a t c h  of i n g r e d i e n t s  may be  a d d e d .  

M e t h o d s  of m i x i n g  

e 

e 
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0 
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A s y s t e m  w i t h  f c i u r  g e a r  ccti-ltrctl l e d  a g i  t a t c a r s  w i  11 b e  u s e d  t o  

m i x  t h e  s u b s t a n c e .  T h i s  w i l l  u t i l i z e  a c e n t r a l  s h a f t  w h i c h  

e x t e n d s  i n t o  t h e  m i x i n g  chamber  t o  ro t a t e  f o u r  spur g e a r s .  E a c h  

af t h e  f u u r  g e a r s  w i l l  h a v e  a n  a t t a c h e d  s h a f t  e x t e n d i n g  f r o m  t h e  

gear t o  0 .5  i n c h e s  abctve t h e  b u t t o m  of t h e  c h a m b e r .  E a c h  of t h e  

f ou r  r e v o l v i n g  s h a f t s  w i  11 h a v e  f i v e  rctws o f  f o u r  c y 1  i n d r i c a l  

s p i k e s  w h i c h  o v e r l a p  w i t h  ad j a c e r t  s h a f t s  tc t  ensure c c t m p l u t e  

;E 1 . .  .;; ncj . f?r- u t  I . sha f t .% fc-~ated adja;r-+i-,t kc-, ea& ~ ,k i -~e i -  ~ t h e  i-~-k,5 ~ j i  I I 

be p l a c e d  a t  d i f fe ren t  v e r t i c a l  p c l s i t i o n s  t o  p r e v e n t  con tac t .  On 

s h a f t s  located d i a m e t r i c a l  l y  acrosc the c h a m b e r  I t h e  rc tw~j  w i  11. b e  

a t  t h e  same v e r t i c a l  pc t s i i t i on  b u t  ttie s h a f t s  w i l l  b e  p l a c e d  sct 

t h e  s p i k e s  a re  at d i f f e r e n t  a n g l e s  h o r i z o n t a l l y .  T h i s  

o r i e n t a t i o n  w i  11 p r e v e n t  c c t n t a c t  among a n y  o f  t h e  5p i l : : e s .  

D u e  t o  i t 5  p o r t a b i l i t y ?  ease o f  i m p l e m e n t a t i c t n .  a n d  a b i l i t y  

to mi:.:,  t h e  g e a r  s y s t e m  is w e l l  s u i t e d  f c i r  use i n  t h e  l u n a r  

e n v i r o n m e n t .  O t h e r  m e t h o d s  c o n ! s i d e r e d  w e r e  a m e c h a n i c a l  b a t c h  

m i x e r  a s  used for  c l a y  masonry  c c i n s t r u c t i c i n  a n d  u l  t r a s c t u n d  m i x i n g  

a5 u s e d  f a r  m i x i n g  f l u i d s .  T h e  m e c h a n i c a l  b a t c h  m i x e r  was 



r e j e c t e d  d u e  t u  t h e  lack of n a t u r a l  d a m p i n g  i n  t h e  l u n a r  

e n v i r c ~ i ~ r n e r i t .  T h e  ~ t l  t r a ~ i c t u n d  w a s  r e  jetted b e c a u s e  i t  wcluld o n l y  

s e r v e  t o  a g i t a t e  t h e  s l u d g e  and n o t  m i x  i t .  T h e  c t l t r a so i . i nd  may 

b e  u s e f u l  i n  s h a k i n g  t h e  mold ~ O I -  c o m p a c t i n g  t h e  s l u d g e  b u t  t h i s  

i 5 n o t  n e c e s s a r y .  

M i 5: i n g  c h amb el- 

T h e  c y l i n d r i c a l  m i x i n g  c h a m b e r ?  made of a l u m i n u m ,  is 27 

i n c h e s  h i g h ?  15 i n c h e s  i n  d i a m e t e r ?  a n d  0.188 i n c h e s  t h i c k .  T h e  

c h a m b e r  w i l l  b e  c y l i n d r i c a l  f o r  op t imum m i x i n g  a n d  minimum stress 

c o n c e n t r a t i o n .  T h e  15 i n c h  d i a m e t e r  w i l  1 a l l o w  t h e  h e i g t h  and 

w i d t h  of t h e  s l u d g e  t o  be a p p r c t x i m a t e l y  e q u a l .  T h e  E!? i n c h  

h e i g t h  w i  11 leave rctctm for t h e  i n p u t  t u b e s ?  g e a r s ?  a n d  pi-ape\- 

s p a c i n g  f r o m  t h e  tclp o f  t h e  s l u d g e  t o  t h e  t o p  o f  t h e  c h a m b e r .  A 

t h i c k n e s s  o.f (3.  188 i n c h e s  w i l l  a d e q u a t e l y  h o l d  t h e  stress d u e  t o  

t h e  p r e s s u r e  and s u p p o r t  o f  t h e  s y s t e m .  Aluminum w i  1 1  b e  u s e d  

d u e  t n  i ts  h i y h  s t r e n g t h  t o  w e i g h t  r a t i o .  

The  v a l v e  t h a t  a1 lctws t h e  m i x t u r e  t o  f l n w  f r o m  t h e  mi:.:ing 

c h a m b e r  t u  t h e  mold n o z z l e  c c l n s i s t s  o f  a ser ies  o f  e i g h t  f i t t e d  

d a m p e r  v a n e s .  T h e s e  v a n e 5  w i l l  span t h e  e n t i r e  15 i n c h  d i a m e t e r .  

A s i d e  v i e w  o f  e a c h  v a n e  15 a p a r a l l e l a g r a m  w i t h  t h e  t a p  and 

ba t t c tm l e n g t h s  b e i n g  1 .852 i n c h e s  and t h e  h e i g h t  b e i n g  (1:. 188 

i n c h e s .  T h i s  shape allows a v e r l a p p i n y  w h i c h  p r e v e n t s  l e a k a g e  . 
b e t w e e n  vanes .  T h e  v a n e s  a r e  made ctf 0 .  1813 i n c h  t h i c k  ali.iminum. 

T h e  ali.tminum h a s  a h i g h  s t r e n g t h  tct w e i g h t  r a t i o  and will  

a d e q u a t e l y  s ~ r p p o r t  t h e  s l u d g e  i n  t h e  l ~ i n a r  g r a v i t y .  
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T h e  series o f  v a n e s  w i l l  he broi::en u p  i n t c t  t w c t  h a l v e s  t o  

allaw t h e  vanes  t o  o p e n  p r o p e r l y .  T h e  v a n e s  ctn t h e  left  h a l f  

w i l l  b e  h i n g e d  on t h e  r i g h t  s i d e  so t h e y  w i l l  o p e n  t o w a r d s  t h e  

bc t t t om.  T h e  v a n e s  o n  t h e  r i g h t  h a l f  will  h a v e  t h e i r  h i n g e s  o n  

t h e  l e f t  ED t h e y  w i l l  a l s o  cipen t c l w a r d s  t h e  bc t t t om.  l4hei-e t h e  

t w o  h a l v e s  m e e t ! ,  t h e  r i g h t  v a n e  w i l l  b e  rc tunded o n  t h e  b o t t o m  t u  

p r e v e n t  interference when o p e n i n g .  T h i s  r i g h t  c e n t e r  v a n e  w i  11 

h a v e  a t o p  l e n g t h  of 1.667 i n c h e s  t o  a l l o w  prcaper  f i t  of t h e  

vanes a c r c t s s  t h e  d i a m e t e r .  The t w o  c t u t s i d e  vanes are r o u n d e d  

u p w a r d  on t h e  t u p  sct t h e  vanes may o p e n  w i t h o u t  i n t e r f e r i n g  w i t h  

t h e  s i d e s  o f  t h e  m i x i n g  c h a m b e r .  E a c h  of t h e  vanes  on t h e  r i g h t  

h a l f  w i  11 h a v e  a crank:: which comes ctut p a r a l l e l  t o  t h e  v a n e  a n d  

t u r n s  u p w a r d .  T h e  cranks f u r  t h e  l e f t  h a l f  w i l l  c o m e  ctut 

p a r a l l e l  a n d  t u r n  dawnward. T h e  e n d  of e a c h  c r a n k  w i l l  b e  

c o n n e c t e d  t o  a s i n g l e  b a r  which  when t r a n s l a t e d  h o r i z o n t a l l y  

rotates  t h e  v a n e s  to t h e  d e s i r e d  p o S i t i c ~ n .  

A t  t h e  b o t t o m  of t h e  n u z z l e  is a b u t t e r f l y  v a l v e  6 i n c h e s  in 

diamete\-. T h i s  v a l v e  c c t n t r c t l s  t h e  f l o w  f r n m  t h e  n o z z l e  t o  t h e  

m o l d .  T h e  b u t t e r f l y  v a l v e  w i  11 c u m p l e t e l y  seal  t h e  en.trat-tce t o  

t h e  mold c h a m b e r  so t h a t  a vacuum may be m a i n t a i n e d .  I t  w i l l  

also s w e e p  t h e  entrance of t h e  c h a m b e r  c l e a n  when o p e n i n g  a n d  

c l o s i n g .  S y n c h r o n i z a t i o n  o f  t h e  v a n e s  a n d  t h e  b u t t e r f l y  v a l v e  

a l l t t w s  f u l l  cc tn t r c t l  of t h e  f l o w  of t h e  s l u d g e  f r o m  t h e  m i x i i - q  

c h a m b e r  t o  t h e  mold  c h a m b e r .  
t 
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I n p  1-1 t t u b  e s 

Two i n p u t  p i p e s  w i l l  be  u s e d  t o  i n t r o d u c e  t h e  l u n a r  f i n e z ?  

l i g n a s u l f o n a t e r  a n d  w a t e r  i n  t h e  m i x i n g  c h a m b e r .  T h e  t o p  o f  

t h e s e  p i p e s  w i l l  b e  l o c a t e d  4 i n c h e s  b e l o w  t h e  t o p  of t h e  m i x i n g  

c h a m b e r .  T h i s  p l a c e m e n t  w i l l  p r e v e n t  i n t e r f e r e n c e  w i t h  t h e  g e a r s  

b u t  w i l l  l e a v e  clearance s p a c e  b e t w e e n  t h e  b u t t u m  of t h e  i n p u t  

tube and +Itre trap o f  ths  s l u d m e .  Y 

A 6 i n c h  d i a m e t e r 3  6.6 i n c h  l o n g  p i p e  e n t e r i n g  on one s i d e  

o f  t h e  c h a m b e r  w i l l  b e  u s e d  t o  i n p u t  w a t e r .  A t  t h e  e n d  of t h e  

p i p e  w i l l  b e  a w a t e r  h o l d i n g  tank c o n t a i n i n g  t h e  extra  w a t e i -  

s h i p p e d  t o  t h e  monn a n d  t h e  r e c l a i m e d  w a t e r  o b t a i n e d  f r o m  t h e  

mold  c h a m b e r .  T h i s  s t o r e d  w a t e r  w i l l  b e  u s e d  i f  w a t e t -  m u s t  be 

a d d e d  t o  f i l l  t h e  0 . 1 C 1 8  f t  needezd. A v a l v e  w i l l  o p e n  a n d  close 

t h e  p i p e  a t  t h e  e n t r a n c e  to t h e  chamber  a n d  t h e  exi t  o f  t h e  

h o l d i n g  tank. T h e  h o l d i n g  t a n k  v a l v e  wi l l  o p e n  a n d  t h e  0.108 f t  

p i p e  w i l l  f i l l  w i t h  w a t e r .  T h i s  v a l v e  w i l l  t h e n  c l o s e  a n d  t h e  

v a l v e  a t  t h e  m i x i n q  chamber  w i l l  o p e n  a l l o w i n g  t h e  O. lc '18  f t  t o  

ei-rtei- t h e  m i  I: i n g  c h a m b e r .  

O n  t h e  c t t h r r  s i d e  of t h e  m i x i n g  c h a m b e r ,  a b i n c h  d i a m e t e r  

p i p e  w i l l  . b e  u s e d  tct i n p u t  t h e  l u n a r  f i n e s  a n d  l i g n c ~ s ~ t l f c t n a t e  

t i n d e r .  T h i s  p i p e  w i l l  b e  y - s h a p e d .  One l e g  w i l l  e n t e r  i r t c t  t h e  

!T!1:.r1ng c h a m h e r  .) One leg t . ! i l l  c o n n e c t  t c  a cci;?taii;Eii- cif  

1 i g n c t s c i l f o n a t e  b i n d e r  w i t h  a v a l v e  u s e d  t u  c o n t r o l  t h e  f l o w .  The  

o t h e r  l e g  w i  11 c o n n e c t  t o  a strew C c t n v e ' ~ o i -  t i - a n s p c t r t  i n g  t h e  l u n a r  

fines. T h e  s c r e w  c o n v e y o r  w i l l  r e g u l a t e  t h e  flaw o f  s o i l  i i - i t c l  

t h e  c h a m b e r .  

. .  
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A c e n t r a l  s h a f t  0.375 i n c h e s  i n  d i a m e t e r  e n t e r s  t h e  c h a m b e r  

t h r o u g h  t h e  t o p  cei-rker a n d  a t t a c h e s  t o  t h e  c e n t r a l  p i n i o n .  A s  

D r a w i n g  3 s h o w s ,  t h e r e  a re  f o u r  spui- g e a r s  e v e n l y  s p a c e d  a r o u n d  

t h e  p i n i o n .  T h e  t o p  s u r f a c e  of e a c h  o f  t h e  g e a r s  is l o c a t e d  0.5 

i n c h e s  f r o m  t h e  i n s i d e  t o p  o f  t h e  c h a m b e r .  T h e  minimum d i a m e t e r  

t h a t  t h e  c e n t r a l  s h a f t  c a n  be  w i t h  no s a f e t y  f a c t o r  is 0.218 

i n c h e s .  A c e n t r a l  s h a f t  clf  0.375 i n c h e s  w i l l  h a v e  a s a f e t y  

f a c t c t r  of 5 .  (See A p p e n d i x  k A s t a n d a r d  0.25 h o r s e p o w e r 9  115 

v o l t ,  60 h z  mcltclr e q u i p p e d  w i t h  a g e a r  beg:.: t o  d e l i v e r  400 i n - l b  

o f  t o r q u e  a t  30 rpm w i l l  b e  used t o  d r i v e  t h e  c e n t r a l  s h a f t .  

T h i s  w i l l  r e q u i r e  4.6 amps.  T h e  motclr w i l l  be c c l u p l e d  d i r e c t l y  

t o  t h e  c e n t r a l  s h a f t  of t h e  m i x i n g  c h a m b e r .  

T h e  p i n i o n  is 3 i n c h e s  i n  d i a m e t e r ,  h a s  a p i t c h  of h 

t e e t h / i n c h z  a n d  h a s  18 t e e t h .  (See A p p e n d i x  E ) T h e  r a d i u s  o f  

t h e  dedendum c i r c l e  is 1.25’2 i n c h e s  a n d  t h e  r a d i u s  o f  t h e  

addendum c i r c l e  is 1.667 i n c h e s .  T h e  f a c e w i d t h  c1.f t h e  p i n i o n  is 

1.662 i n c h e s .  T h e  f o u r  g e a r s  a r e  i d e n t i c a l  a n d  e a c h  h a s  a 

d i a m e t e r  of 4 i n c h e s ?  a p i t c h  of 6 t e e t h / i n c h ,  a n d  24 t e e t h .  T h e  

r a d i u s  of t h e  dedendum c i r c l e  is 1.797 i n c h e s  a n d  t h e  r a d i u s  o f  

t h e  addendum c i r c l e  is 2.16b i n c h e s .  T h e  p r e s s u r e  a n g l e  is 29 . 
T h e  f a c e w i d t h  of e a c h  g e a r  is 1.662 i n c h e s .  T h e s e  d i m e n s i o n s  

w i l l  g i v e  a contact r a t i o  o f  1.565 b e t w e e n  t h e  g e a r  a n d  t h e  

p i n i o n .  (See A p p e n d i x  Ec 1 T h i s  c o n t a c t  r ’ a t i c l  w i l l  e l i m i n a t e  t h e  

p o s s i b i l i t y  of i m p a c t  b e t w e e n  t h e  t e e t h .  ‘The y e a r s  wi l l  h a v e  a 

s a f e t y  f a c t c t r  f o r  f a t i g u e  lcladii-iy of 8. 
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A 5  D r a w i n g  2 =hctws9 e a c h  of t h e  foul- gears  h a s  a 0.375 

i n c h  s h a f t  a t t a c h e d  t o  i t  w h i c h  e x t e n d s  from t h e  t o p  ct'f t h e  

m ,., , .*ng : c h a m b e r  t o  0 . 5  i n c h e s  a b o v e  the  b o t t o m  o f  t h e  chambei-. 

T h e  s t i r re rs  w i l l  b e  made ctf 641400 steel  w h i c h  h a s  a y i e l d  

s t r e n g t h  of i 3 i  k p s i  drawn a t  l(3X) d e g r e e s  F. T h e  minimum 

d i a m e t e r  t h a t  t h e  s h a f t s  can b e  w i t h  170 s a f e t y  f a c t o r  is 0.151 

i n c h e s .  A s h a f t  of 0.375 i n c h e s  w i l l  h a v e  a s a f e t y  f ac to r  o f  5. 

(See A p p e n d i x  B 1 T h i s  h i g h  s a f e t y  fac tor  is d e s i r a b l e  d u e  t o  

i n c c t n s i s t e n c i e s  i n  t h e  l u n a r  sc t i  1 w h i c h  may e:.:Ei-t a d d i t i o n a l  

f C t k - C e 5  c117 t h e  s h a f t .  

E a c h  s h a f t  w i l l  b e  cast  w i t h  f i v e  h a r i z e n t a l  r c ~ w s  ctf s p i k e s .  

E a c h  rctw c o n s i s t s  o f  fc1i.o- c y 1  i n d r i c a l  r p i k e s  e v e n l y  s p a c e d  a r o u n d  

t h e  s h a f t .  An i n d i v i d u a l  s p i k e  is 3.75 inches 10~-1g KrectsLri-ed f i - a m  

t h e  cel-itei- of  t h e  s h a f t  ctr 3 . S b  i n c h e s  m e a s u r e d  f r o m  t h e  o u t s i d e  

diameter of  t h e  s h a f t .  T h i s  l e n g t h  a l l o w s  f o r  0.25 i n c h  

c l e a r a n c e  b e t w e e n  t h e  e n d  af t h e  s h a f t  a n d  t h e  c h a m b e r  w a l l .  T h e  

s p i k e  is 0.375 i n c h e s  i n  diametei- a n d  f l a t  o n  t h e  e n d .  

T h e  s p i k e s  on a d  j a r e n t  s h a f t s  m u s t  b e  s t a g g e r e d .  T h e  c e n t e r  

p o i n t  of  t h e  bcl t tom ~ C I W  of s p i k e s  ctn two o p p o s i t e  s h a f t s  w i l l  b e  

(1.5 i n c h e s  f r o m  t h e  b c ~ t t o m  o f  their s h a f t s .  'The r e m a i n i n g  f u u r  

I-ow.5 ctn t h e s e  two s h a f t s  w i  11 h a v e  t h e i r  c e n t e r  p o i n t s  l o c a t e d  

2.8 i n c h e s  a p a r t .  T h u s ,  t h e  c e n t e r  p o i n t s  of t h e s e  f i v e  i-ov;:s 

w i l l  be p l a c e d  a t  0.5!, 3 . 3 ,  6 . 1 9  8.9, a n d  l l . ?  i n c h e s  f r o m  t h e  

b o t t o m  of t h e  s h a f t .  T h e  o t h e r  twct o p p o s i t e  s h a f t s  w i l l  a l s o  

- -  35 
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h a v e  r o w s  p l a c e d  2 .8  i n c h e s  a p a r t .  T h e s e  TQWS w i l l  b e  p l a c e d  

1.9. 4.7:. 7.5?  1 0 . 3 7  a n d  13. 1 i n c h e s  frctm t h e  bot tc im of t h e  

s h a f t .  T h i s  p l a c e m e n t  w i l l  e l i m i n a t e  c o n t a c t  b e t w e e n  t h e  s p i k e s  

of a d j a c e n t  s h a f t s  ._since t h e i - . e  w i l l .  b e  a 1 .03 i n c h  h o r i z o n t a l  

clearance b e t w e e n  t h e  t o p  a f  o n e  s p i k e  a n d  t h e  bot tc tm o f  t h e  

c l o s e s t  a d j a c e n t  s p i k e .  

O p p o s i t e  s h a f t s  w i l l  h a v e  t h e i r  r o w s  o f  s p i k e s  p l a c e d  a t  t h e  

s a m e  d i s t a n c e  h c t r i z o n t a l l y  f r o m  t h e  bctttctm of t h e  s h a f t .  To 

a v o i d  c o n t a c t r  t h e  g e a r s  mrst c t r i g i n a l l y  b e  p l a c e d  s o  t h a t  t h e  

s p i k : e s  are  a t  d i f f e r e n t  angles. When o n e  s h a f t  h a s  i t s  spi1: :es  at 

a n g l e s  cif 0 YO 1BC) al-id 2?0 t h e  s p i k e s  cif t h e  s h a f t  

d i a m e t r i c a l l y  o p p c t s i t e  s h o u l d  be a t  a n g l e s  ctf 4.5 135 225 

a n d  315 . T h i s  w i l l  e l i m i n a t e  c c t n t a c t  b e t w e e n  s p i k e s  on c tppos i  t e  

geai-5 b u t  w i l l  allow an o v e r l a p  o f  0.5 i n c h e s  i n  t h e  c e n t e r  of 

the c h a m b e r  t o  e175cii-e thorctugh m i  :.: i n g  . 

T h e  t o t a l  vo l~ . ime  of t h e  i n g r e d i e n t s  is 1.32 f t  . W i t h  1 x 1  

s h a f t s ,  t h e  tctp of  t h i s  vctlume wcluld b e  at 12.3i:!7 i n c h e s  from t h e  

b o t t o m  of t h e  c h a m b e r .  When t h e  st i r r ~ 1 - 5  are i n t r o d u c e c l  t h e  

f o u r  s h a f t s ;  w i l l  increase the vctlume by  5.732 i n  a n d  t h e  e i g h t y  

s p i k e s  will i n c r e a s e  t h e  vctlcifne b y  3 1 . t 2 3  i n  . T h u s  t h e  t o t a l  

v c t l u m e  w i l l  b e  i n c r e a s e d  b y  37.355 i n  a n d  t h e  t o p  c i f  t h e  mix tu i - e  

w i l l  b e  r a i sed  0.2ll. i n c h e s .  (See CSp,pt-?i3di;.: H 1 

e 

I n  t h e  b r i c k - m a k i n g  prctcess? a mold is n e r e s s a i - y  tct h o l d  t h e  
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s l u d g e  i n  its d e s i r e d  s h a p e  u n t i l  the water  is r e m o v e d .  The  mold 

m u s t  b e  made o f  a material  t h a t  p e r m i t s  t h e  ex t rac t ion  o f  water  

f r o m  a l l  faces o f  t h e  clb ject, b u t  a150 c ~ n e  t h a t  is s t r o n g  e n o u g h  

t o  n o t  d e f l e c t  u n d e r  t h e  w e i g h t  o f  t h e  brick:: .  I t  m u s t  fL.ti-.thei- b e  

a b l e  t o  clpen 50 t h a t  t h e  f i n a l  p r o d u c t  cari b e  r e m o v e d .  I 17 

a d d i t i o n 9  t h e  mold s h o u l d  b e  dynamic! ,  e n a b l i n g  b r i c k s  u f  a l t e r e d  

cuntact a n g i e .  [ h i s  p e r i m i t s  t h e  s t a c k i n g  o f  t h e  b r i c k s  i n  t h e  

parabc i  L i c  s h a p e  n e c e s s a r y  t o  m a i n t a i n  c o m p r e s s i o n  thruucjhcI~. t t  the 

members .  F i n a l l y ,  t h e  mold m u s t  b e  a b l e  t o  b e  i n t e g r a t e d  intca 

t h e  r e m a i n d e r  o f  t h e  b r i c k - m a k i n g  s y s t e m  i n  a l o g i c a l  a n d  s i m p l e  

manner  w h i  le  st i 11 m a i n t a i n i n g  t h e  e n v i r o n m e n t a l  i n t e g r i t y  o f  t h e  

s y s t e m .  

- 
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I n  c h o c t s i n g  t h e  p r o p e r  ma te r i a l  f o r  use as a mctld? t h r e e  

f a c t o r s  are of g r e a t  i m p o r t a n c e :  s t r e n g t h  9 w e i g h t  and  p e ~ - t ~ e - .  

a b i l i t y .  

S t r e n g  t h 

When t h e  s l u d g e  is dumped i n t o  t h e  m o l d ?  t h e  mold m u s t  b e  of 

s u f f i c i e n t  s t r e n g t h  t o  p e r m i t  n e g l i g i b l e  d e f l e c t i o n .  A s  t h e  l o a d  

w i l l  b e  a d d e d  a n d  r , e l e a s e d  many times? i t  m u s t  b e  d e s i g n e d  t o  

a l l o w  for f a t i g u e  e f f ec t s  as w e l l  static: l o a d s .  O n  t h e  moonr t h e  

b r i c k  w i l l  w e i q h  25 l h f y  and  any  o n e  s u r f a c e  shct~11.d h e  a b l e  t o  

w i t h s t a n d  t h i s  load  t o  a l l C t k J  f c t r  a r e a s o n a b l e  f ac to r  of s a f e t y  as 

t he  entire m a c h i n e  is w o r t h l e s s  i f  t h e  mold is n o t  prctper .1y 

f C.O-ICI t i ct n i ng . 

W e i g h t  

W h i l e  m a i n t a i n i n g  t h i s  s t r e n g t h .  hclwever ? i t  is a l s c l  

d e s i r a b l e  to m a i n t a i n  a low w e i g h t  d u e  t o  t h e  cus t  of f r e i g h t  tc t  

t h e  l u n a r  s u r f a c e .  A lower- m a ~ s  w i l l  a l s c l  m a k e  the mclld m u r e  

s ~ s c e p t i b l e  t a  a n y  inducecl  v i h r a t i o n s  i n  t h e  s y s t e m .  h e l p i n g  t o  

s e t t l e  t h e  s l u d q e .  

T h i s  c a m b i n a t i n n  o f  p r o p e r t i e s  o f  s t r e n g t h  a n d  w e i g h t  is b e s t  

s u i t e d  t o  a cclmposi te  mater ia l  w i t h  a hi.cjh s t r e n g t h - t o - w e i g h t  

r a t i o  s u c h  as, a tCe~lai--epci:.:y cclmpcti.tnd. t:::evlar h a s  a ~ t l - e i - ~ g t h  o f  

65,C)i:)C) p s i : ,  and a d e n s i t y  of  o n l y  0.05 l b m / i n  g i v i n g  i t  a 

s t i - e n g t h  t o  w e i g h t  r a t i o  of '  1.3 I: 1i:) i n c h e s .  4 . 0 6  t i m e s  t h a t  c : f f  

a h i g h  carban steel .  T h e  d e n s i t y  cif t h e  s l u d g e  is a p p r o x i m a t e l y  
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125 l b m / f t  a n d  t h e  volume of t h e  b r i c k  is 1 . Z  f t  . O n  t h e  

m c t o n r  t h i s  w e i g h s  25 l b f .  I n  t h e  w o r s t  p c t s s i b l e  case!, t h e  b o t t o m  

s u r f a c e  ( w h i c h  h a s  t h e  smal les t  s u r f a c e  area)  s u p p o r t s  t h e  e n t i r e  

l o a d .  T h e  minimum t h i c k n e s s  of t h e  mater ia l  is t h u s  fcttrnd t o  b e  

192.3 m i c r o i n c h e s  (See Appendix  C). TG a l l o w  i n  t h e  d e s i g n  a 

s a f e t y  f a c t c t r  a g a i n s t  b u c k l i n g 7  h o w e v e r  a t h i c k n e s s  o f  0.5 

i n c h e s  is r e c o m m e n d e d r  a s s u m i n g  a n e g l i g i b l e  maximum d e f  l e c t i a n .  

T h e  t o t a l  v o l u m e  cif t h e  mold is t h e n  cctmpnted t o  be a b o u t  57'6 

c u b i c  i n c h e s ?  w h i c h  ( f a r  K e v l a r )  c c t i i s i s t s  of 28.8 lbm. Ccimplete  

c a l c u l a t i o n s  c a n  b e  fctund i n  A p p e n d i x  C .  

F 'ermeab i 1 i t y  

T h e  mold  m u s t  b e  m o r e  p e r m e a b l e  t h a n  t h e  b r i c k  material! ,  

b e c a u s e  a l a w e r  p e r m e a b i l i t y  i n  t h e  mold w a l l  w o u l d  result  i n  a 

t j u i  Id-up of vapctr  p r e s s u r e  a t  t h e  s l u d g e - w a l l  i n t e r f a c e .  T h i s  

wctuld c a u s e  a d i s p r o p o r t  ictiyate amoi.oit af  pctrctsi  t v  a t  t h e  surface 

ctf t h e  b r i c k ?  p r a d u c i n g  an L I ~ C ~ C I L I ~ C : ~  br i c i : :  w i t h  a s n a f l e r  e f f e c t i v e  

s i z e .  To a c h i e v e  the n e c e s s a r y  e q u i v a l e n t  p e r m e a b i l i t y ?  t h e  

Kev1.ar m u s t  h a v e  a c a p i l l a r y  d e n s i t y  o f  a t  least; ICK) h c t l e s  p e r  

s q u a r e  i n c h ! ,  w i t h  e a c h  h o l e  h a v i n g  a d i a m e t e r  of 0.066 i n c h e s  

(see A p p e n d i x  C) . T h i s  so -ca l .  l e d  " e q u i v a l e n t  p e r m e a b i  1 i t y "  is 

d e r i v e d  c i s i i iq  a c c t m p a r i s o n  o f  p r o p c t r t i c * n a l  i t y  c o e f f i c i e n t : ;  i n  

D a r c y ' s  l a w  cif c a p i  1. l a r y  f l o w  b e t w e m i  a iict\- 'mal p o r o s i  t y  a w l  a n  

e q u i v a l e n t  p c t r o s i k y .  The  e q u i v a l e n t  p u r o s i  t y  is d e r i v e d  u~,i\-1g 

d i m e n s i c t n a l  a n a l y s i s  C I ~  the p r c l p e r t i e s  o f  t h e  f l u i d  anc l  t h e  

d i m e n s i o n s  ct-f t h e  c a p i l l a r i e s .  Cctmplete  c a l c u l a t i o n s  c a n  be 

fctLtiid i n  a p p e n d  i :.: C . 
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F u r  t h e  l i g n i n  s u l f c t n a t e  bc1nd t o  f o r m ?  t h e  w a t e r  m u s t  b e  

r e m o v e d  frctm t h e  b r i c k .  T h i s  c a n  be  a c c o m p l i s h e d  b y  a l l o w i n g  t h e  

w a t e r  t o  d i f f u s e  o u t  o f  t h e  b r i c k  i n  e i t h e r  t h e  l i q u i d  o r  gasectcis 

s t a t e .  L i q u i d  d i f f u s i o n  t h r o u g h  po~-nc.ts m e d i a  is v e r y  slaw: 

t y p i c a l l y  d i f f u s i o n  t i m e  far  a p r o c e s s  s u c h  a5 t h i s  cine is on t h e  

o r d e r  of h o u r s .  T h e r e f o r e ,  a gasecti.ts d i f f u s i o n  m e t h o d  is m a r e  

d e s i r a b l e .  To e v a p c t r a t e  t h e  w a t e i - 9  two m e t h o d s  may b e  u s e d :  

1 )  H e a t  A d d i t i o n  

2)  F ' r e s 5 u r e  Removal 

H e a  t Add i t i o 17 

H e a t  a d d i t i n n  h a s  t h e  d i s a d v a n t a g e  o f  r e q u i r i n g  r a p i d  

t e m p e r a t u r e  c h a n g e s .  A c c o r d i n g  t o  L i e n h a r t  lunar sc t i  1 h a s  a 

s p e c i f i c  h e a t  o f  abclut  14.3.3 Etcr/lhm F .  T h ~ t s : ,  r a i s i n g  t h e  

t,emperatc.ii-e f r o m  t h e  p r o c e s s  t e m p e r a t u r e  o f  77 F t o  w a t e r ' s  

a t m o s p h e r i c  t c t i  1 i n g  t e m p e r a t u r e  (212 F )  wctuld r e q u i r e  AECIUT 

f 3 0 r O O C t  B t u .  CSlsct9 t h e  t h e r m a l  c o n d u c t i v i t y  o.f t h e  brick:: is vei-y 

l o w 9  s o  i t  wctuld take a g r e a t  d e a l  of t i m e  t o  h e a t  arid C O O I  t h e  

b r i c k  r e p e a t e d l y r  w h i c h  would r e n d e r -  i t  i m p o s s i b l e  .to meet t h e  

p t - o d u c t i o n  r a t e  s p e c i f i c a t i o n s .  F i n a l l y ?  i f  t h e  w a t e r  is t o  be 

b c l i l e d  a t  e v e n  a t m o s p h e r i c  p i - e ~ s ~ . t l - e 9  t h e  h u l d i n y  c o n t a i n e r  must  

t h e n  h e  a b l e  t o  w i t h s t a n d  a f u l l  15 p s i a n  
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A n  a1 t e rna te  method , however  , o f  c o n v e r t i n g  t h e  1 i q u i d  w a t e r  

s u s p e n d e d  i n  t h e  b r i c k  i n t o  a v a p o r  is t h r o u g h  p r e s s u r e  r e m o v a l .  

T h i s  p r n c e s s  e n a b l e s  t h e  water t o  b o i l  ctut o f  t h e  b r i c k :  w h i l e  t h e  

tempel-attr i-e o f  t h e  brick::  rernains  e s s e n t i a l  l y  c o n s t a n t .  F i i i a l l y ,  

i f  t h e  pressure is t o  b e  d r o p p e d ,  a l o w e r  p r e s s u r e  can b e  u s e d  i n  

t h e  m a i d  c n a m b e r  and thus a l i g h t e r  p r e s s u r e  vessel kmuld b e  

r e q u i r e d .  
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B e c a u s e  of t h e  w e i g h t  ai7d t e m p e r a t u r e  a d v a n t a g e ,  t h e  b r i c k  

w i l l  be d r i e d  o u t  t h r o u g h  a vacuum d r y i n g  p r o c e s s .  T h i s  w i l l  b e  

accctmpl i s h e d  b y  p u l  1 incj a h a r d  v a c ~ i u n i  C l i i  t h e  e n t i r e  mold c h a m b e r .  

f igd in : .  i t  is d e s i r a b l e  t o  k e e p  t h e  d r y i n g  p r o c e s s  a t  as low a 

t e m p e r a t u r e  as p o s s i b l e ,  as t h i s  d i c t a t e s  a lower p r e s s u r e  a n d  

t h u s  d e t e r m i n e s  t h e  r e q u i r e d  l o a d  t h a t  t h e  p r e s s l i r e  c h a m b e r  

s u r r o i . t n d i n g  t h e  mold m i r c t  s u p p o r t .  Frclm t h e  s t eam ta t t les ,  W E  

f i n d  t h a t  2 p s i  is s u f f i c i e n t  t o  h o l d  w a t e r  in t h e  l i q u i d  s t a t e  

f o r  up t o  apprct : . : imately 12C) d e g r e e s  F .  Tcl a l l o w  f o r  a r e a s o n a b l e  

s a f e t y  f ac to r ,  t h e  m o l d i n g  p r c a c e s s  w i l l  be  h e l d  a t  77 F. To 

m e e t  t h e  p r o d u c t i a n  r a t e  o f  c : l n e  b r i c l : :  e v e r y  7.5 m i n u t e s ,  i t  is 

n e c e s s a r y  t o  r e m o v e  t h e  water i n  less t h a n  5 m i n u t e s .  Thi-ctuGhcti-rt 

t h i s  a n a l y s i s ,  t h e  b r i c k  is a p p r o x i m a t e d  as a h o l l o w  c y 1  i n d e r  o f  

i n s i d e  d i a m e t e r  2 i n ,  c l i i t s i d e  d i a m e t e r  ? i n ,  and h e i g h t  18 i n .  

i j h i i e  t h i s  is c o n s i d e r a b i y  iarger-  than the b r i c k ,  i t  alloc~;cr use 

of p o l a r  e q u a t i a n s ,  e n a b l i n g  t h e  e l i m i n a t i o n  ctf a non-- l  i n e a r  

t e r m ,  a n d  a 1 s c 1  allows fcli- a W c l l - S t  p c ~ s c i b l e  case.  T h e  

p e r m e a b i l i t y  of t h e  b r i c k :  is i.tsed b e c a u s e  i t  is c o n s i d e r e d  .to h a  

of g r e a t e r  f l u i d  res i s tance  t h a n  t h e  mold .  l o  d e t e r m i n e  t h e  
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f e a s i b i  1 i t y  of t h e  vacuum d r y i n g  PI-CICPSS? w e  tu\-t i  t o  L u i k o v  a n d  I 

Pasca l .  From P a s c a l  w e  c l b t a i n  t h e  f o l l o w i n g  d i f f e r e n t i a l  

e q u a t i c l n  ( S e e  A p p e n d i x  C ) :  

T h i s  e q u a t i o n  can b e  s o l v e d  n u m e r i c a l l y  ( S e e  A p p e n d i x  C )  t o  

y i e l d  a p l a t  o f  p r e s s u r e  d i s t r i b u t i o n  a t  v a r i o u s  t i m e s .  T h e  

results are s h c l w n  i n  Appendix  C a n d  a r e  v a l i d  u n d e r  t h e  f c l l l o w i n g  

a s s u m p  t i or15 : 

* T h e  t c l i l i n g  t a k e s  p l a c e  f a s t e r  t h a n  t h e  d i f f u s i c t n .  

e 
c 

0 

0 
c 

0 

c 
L 

4 

* T h e  p e r m e a b i l i t y  c t f  t h e  b r i c k  is a p p r o x i m a t e l y  equal 
t o  t h a t  o f  a s i m ~ t l a t e d  e a r t h  ~ , l . ~ t d g e .  

* T h e  pressure a t  t h e  boundary drctps i n s t a n t a n e o u s l y  
t o  zero. 

* T h e  p o r o s i t y  ctf t h e  b r i c k  is equal t u  u n i t y .  

T h e  p l o t s  d-~ctw t h a t  a f te r  1 0  s e c c l n d s r  t h e  maximum r e m a i n i n g  

p r e s s u r e  w i t h i n  t h e  b r i c k  is less t h a n  .003 p s i  w h i c h  is 

a p p r o x i m a t e l y  1/7CK)th af t h e  i n i t i a l  pi-essure. FI-ctm t h i s ?  i t  is 

e x p e c t e d  t h a t  t h e  p r e s s u r e  w i  11 h a v e  r e a c h e d  i t s  p r a c t i c a l .  

minimum i n  30 s e c n n d s .  T h i s  is a c c e p t a b l e  a5  i t  is w e l l  w i . t A i r i  

t h e  n e r e s s a r ' y  t i m e  frame t o  meet t h e  p r o d u c t  i o n  r a t e .  
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T h e  a n a l y s i s  a l so  shows  t h a t  p e r m e a b i  1 i t y  has a v e r y  

s u b s t a n t i a l  e f fect  can t h e  r a t e  o f  v a p o r  pr-ec,sui-e dl-cip icir f l o w  

r a t e )  i n  t h e  b r i c k .  T h i s  cai7 be seen by s o l v i n g  t h e  d i f f e r e n t i a l  

e q u a t i o n s  u s i n g  d i f f e r e n t  i n i t i a l  c o n d i t i c ~ n s .  T h e  ~ I - D C ~ S S ~  

hclwever can work as lorig a3 the c c : l e f f i c i e n t  Z ( w h i c h  is i n v e r s e l y  

p rc ipc l> - t iona l  tct t h e  p e r m e a b i l i t y )  is less than 0.65. 
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For t h e  m a c h i n e  t o  w o r k ?  t h e  mold must  b e  c a n n e c t e d  t u  t h e  

m i x i n g  c h a m b e r  a n d  t h e  w a t e r  r e c l a r n a t i a n  s y s t e m .  I t  i 5  c o n n e c t e d  

d i r e c t l y  tct t h e  m i x i n g  chamber  i n  t h a t  the s l u d g e  m u s t  d r o p  ifito 

t h e  mold  f r o m  a b o v e .  'This c c t n n e c t i o n  takes t h e  f a r m  o f  a 

b u t t e r f l y  v a l v e ?  as t h i s  w i l l  p e r m i t  t h e  c h a m b e r  a r o u n d  t h e  rriold 

t o  b e  c o m p l e t e l y  s e a l e d  ? t h e r e b y  e n a b l i n g  a n e a r - p e r f e c t  vacuum 

t c l  b e  c r e a t e d  f o r  t h e  d r y o u t  P I - C I C ~ S S .  When t h i s  v a l v e  o p e n s ?  t h e  

s l u d g e  w i l l  f a l l  i n t a  t h e  mold.  T h e  mold is o r i e r i t e d  such t h a t  

t h e  1 i g h t e n i n g  hccle is v e r t i c a l .  T h i s  a r r a n g e m e n t  a1 l o w s  t h e  

b r i c k  t o  s l i d e  o u t  o f  t h e  mold when t h e  b o t t o m  is r e m o v e d .  T h i s  

removes  t h e  n e c e s s i t y  o f  h a v i n g  two h a l . v e s  of a l e n g t h w i s e  mold  

t h a t  w o u l d  h a v e  t o  be moved a p a r t  a f u l l  i8 i n c h e s  t n  l e a v e  t h e  

b r i c k  c c t m p l e t e l y  e x p o s e d  whf2i-i i t  is r e m o v e d .  T h i s  f e a t u r e  

p e r m i t s  t h e  mold  c h a m b e r  t o  b e  t h i n n e r  !, t h e r e b y  m a k i n g  t h e  e n t i r e  

d e v i c e  m c t r e  p c c r t a b l e .  D u e  t o  t h e  s l c ~ p e d  u p p e r  s u r f a c e  o f  t h e  

b r i c k  (See D r a w i n g  4 )  ? T ~ C I  s p l a s h  s h i e l d  w i l l  b e  n e e d e d .  A C C I V E T  

w i l l  b e  p l a c e d  elver t h e  tclp of t h e  h o l e  t o  p r e v e n t  any s l u d g e  

f r o m  f a l l i n g  thi-ctiigh t h e  h o l e  t.o t h e  b a t t u m  a f  t h e  s u i - r o u n d i n q  

c h a m b e r .  

T h e  c c l n n e c t i u n  t o  t h e  w a t e r  r e c l a m a t i o n  5 y s t e m 7  hordeve i -  ? 

takes p l a c e  m e r e l y  i n  t h e  f l u i d  r e g i c l n .  When t h e  p r e s s u r e  is 

d r o p p e d ! ,  t h e  g a s  is removed a n d  t h e  water t u r n s  i n t o  vapctr  a n d  

d i f f u s e s  o u t  n f  t h e  b r i c k  and t h e  mctld. F i n a l l y ?  however ! ,  the 

hr icl: m u s t  b e  d r o p p e d  ctntu t h e  c.unveyctr s y s t e m  tct r-emnve t h e  

f i n i s h e d  p r o d u c t .  T h i s  can b e  a c c a m p l  i s h e d  b y  h i n g i n g  t h e  bottclm 
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s u r f a c e  o f  t h e  mold and h o l d i n g  i t  i n  p l a c e  w i t h  a l a t c h i n g  

dev ice .  When the l a t c h  is t r i p p e d l l  t h e  d o o r  w i l l  s w i n g  d o w n  a n d  

away3 e n a b l i n g  t h e  b r i c k  t o  s l i d e  o u t  under  its o w n  w e i g h t .  T h i s  

g a t e  c a n  b e  s p r i n g  lc taded SCI t h e  g a t e  w i l l  t h e n  c lose  a n d  se l f -  

l a t c h  i n  p r e p a r a t i o n  f a r  t h e  n e x t  v o l u m e  of s l u d g e .  
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I f  t h e  mold  is t o  mai::e b r i c k s  o f  v a r y i n g  cc tn tac t  a n g l e s 9  i t  

m u s t  b e  d y n a m i c  i n  t h e  sense t h a t  t h e  mold  m u s t  b e  a b l e  t o  

s l i g h t l y  a l t e r  its 5hape. I f  t h e  a n g l e  c h a n g e  is small e n o u g h ,  

t h i s  c a n  b e  a c c o m p l i s h e d  by  p i v a t i n g  t h e  w a l l s  t c t w a r d s  t h e  

c e n t e r .  T h i s  c a n n u t  b e  d e a l t  w i t h  h e r e  d u e  t o  t h e  lack of 

i n f o r m a t i a n  a s  t o  t h e  a c t u a l  p r c t p o s e d  s t r u c t u r e 9  b i i t  i t  is an 

i s s u e  t h a t  s h o u l d  b e  a d d r e s s e d  o n c e  t h e  f i n a l  s h a p e  of t h e  

d w e l l i n g  is d e c i d e d  u p o n .  I f  t h e  a n g l e  c h a n g e  is s i g n i f i c a n t .  

however! ,  i t  may be n ~ c e s ~ . , a r y  ta u s e  a c a r . o u s e 1  ctf m o l d s  t h a t  

r o t a t e s  a f te r  a g i v e n  number of b r i c k s  a re  p r o d u c e d .  T h i s  h a s  

t h e  d i s a d v a n t a g e ,  hctwever.  of m a k i n g  t h e  d e v i c e  less p c t r t a b l e  d u e  

t o  s i z e  c o n s t r a i n t s .  
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- System _ _ _ _  --- a n d  _------ P r o c e s s  ------ D e s c r i e t i o n  ---- 

S y s t e m  Q e s & r i p t i o n  

The w a t e r  r e c l a m a t i o n  p r c l c e s s  i r i vc l lves  r e p r e s s u r i z i n g  a n d  

t r a p p i n g  t h e  w a t e r  v a p a r  i n  a h o l d i n g  t a n k  a f t e r  i t  h a s  b e e n  

remctved f r o m  t h e  mold c h a m b e r  t h T C ~  LI(J h e v a c u a t i o n .  

R e p r e s s u r i z a t i o n  r a t h e r  t h a n  r e f r i g e r a t i o n  is c h o s e n  a s  t h e  

me thod  for  c o n d e n s a t  i o n  o f  t h e  w a t e r  v a p o r  b e c a u s e  t h e  v a p o r  w i  11 

b e  a t  s u c h  a l a w  p a r t i a l  p r e s s u r e  a . f t e r  e v a c u a t i o n  t h a t  s i m p l y  

c c l a l i n g  t h e  v a p o r  w i l l  nclt cc tndense  i t .  I n  a d d i t i o n ?  t h e  lack:: of  

a n y  n o d e  of h e a t  t r a n s f e r  o n  t h e  l u n a r  s u r f a c e  o t h e r  t h a n  

r a d i a t i o n  t o  d e e p  s p a c e  makes i t  e x t r e m e l y  d i f f i c u l t  t o  d e s i g n  a n  

e f f i c i e n t  h e a t  e x c h a n g i n g  s y s t e m  far r e f r i g e r a t i o n .  

A s  D r a w i n g  5 s h o w s r  t h e  w a t e r  r e c l a m a t i o n  s y s t e m  c c t n s i s t s  o f  

a t w o - s t a g e  vacuum pump s y s t e m  w i t h  a n  i n t e r - s t a g e  c a n d e n s e l - .  a 

watei- “L!*‘i?P3 a w a t e r  h o l d i ; - q  tan!:: 2 mete:-i;-q &.=J&E)- ~ E, i7iti-t;ge’i-i 
I- 

g a s  h o l d i n g  t a n k r  a n d  v a r i o u r ,  p i p e s  a n d  v a l v e s  c o n n e c t i n g  t h e s e  

CCtmipcineiTts w i t h  t h e  m i x i n g  a n d  mo1.d c h a m b e r s .  I n i t i a l l y ! ,  a l l  

v a l v e s  a re  c l o s e d  a n d  a l l  o f  t h e  c h a m b e r s  a r e  p r e s s u r i z e d  w i t h  

n i t r o g e n  g a s  a t  an a b s o l u t e  p r e s s u r e  of Z..OO p s i a  avid an 

C t p e r a t i o r i a l  t e m p e r a t u r e  o f  77 d e g r e e s  F. The  w a t e r  h o l d i n g  tan!:: 

w i l l  i n i t i a l l y  c o n t a i n  t h e  extra 0 . 3 9 2  c u .  f t  of w a t e r  w h i l e  t h e  

r e m a i n i n g  (3.165 CLI. f t  is c o n t a i n e d  i n  t h e  b r i c k  w h i c h  is i n  t h e  

mold  c h a m b e r .  

P r  CI c e 5 5 _Des c r 1 pi L E 

T h e  r e p r e ~ s u r i z a t  i c t n  prc l cess  c o n S i s t 5  ctf t h e  f o l l o w i n g  

s t e p s .  F i r s t ,  v a l v e  A ,  B ?  a n d  C are  o p e n e d  a n d  n i t r o g e n  gar,  i n  

---_-I - - 
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t h e  mold  c h a m b e r  is e v a c u a t e d  v i a  t h e  vacuum pump s y s t e m .  4s t h e  

p r e s s u r e  i n  t h e  mold chamber  d r o p s  b e l o w  t h e  v a p o r  p r e s s u r e  of 

w a t e r  (0.460 p s i a  a t  77 d e g r e e s  F )  .. t h e  water c o n t a i n e d  i n  t h e  

b r i c k  v a p o r i z e s  a n d  d i f f u s e s  f r o m  t h e  b r i c k : .  T h e  f i r s t  s t a g e  o f  

t h e  vacui.tm pilmp S y s t e m  pumps t h i s  n i t r o g e n  a n d  watet- v a p o r  

m i x t u r e  tcl t h e  i n t e r - s t a g e  c o n d e n s e r  , w h i c h  is j u s t  a s e c t i c l n  o f  

p i p i n g  w i t h  e m i t t e r s  a t t a c h e d  ctn i ts  c I u t e r  sur face  to r a d i a t e  

h e a t  i n t o  d e e p  s p a c e .  H e r e  t h e  water  v a p o r  c c l n d e n s e s  s i n c e  t h e  

p r e s s u r e  i n  t h e  c o n d e n s e r  w e 1  1 e x c e e d s  t h e  v a p a r  p r e s s u r e  o f  

w a t e r  a t  t h e  c o n d e n s e r  t e m p e r a t u r e .  T h e  c o n d e n s e d  w a t e r  v a p o r  

f l o w s  t h r o u g h  v a l v e  C d u e  t u  g r a v i t y  a n d  is t r a p p e d  i n  a s e c t i o n  

of p i p i n g  c a l l e d  t h e  c o n d e n s a t e  b l e e d - o f f  p i p e  l e a d i n g  t o  t h e  

w a t e r  pump. Meanwhi l e s  t h e  s e c o n d  s t a g e  af t h e  vacuum pump pumps 

t h e  n i t r o g e n  g a s  f r s m  t h e  exit of t h e  coi-idei-iser t o  t h e  n i t r u g e n  

g a s  h o l d i n g  t a n k 9  p r e s s u r i z i n g  i t .  T h i s  c o n t i n u e s  u n t i l  t h e  

p r e s s u r e  i n  t h e  mold chamber  d r o p s  t o  0 . C ) O l  p s i a .  T h e n .  v a l v e  A ,  

B r  a n d  C a r e  c l o s e d ,  v a l v e  D is o p e n e d ,  a n d  t h e  w a t e r  pump pumps 

t h e  t r a p p e d  w a t e r  up  i n t o  t h e  w a t e r  h o l d i n g  tai-ik. F i n a l l y ,  t h e  

w a t e r  is r e c y c l e d  i n t o  t h e  m i x i n g  c h a m b e r ,  a n d  t h e  n i t r u g e n  gar;  

is r e c y c l e d  i n t o  t h e  mold c h a m b e r .  To r e c y c l e  t h e  w a t e r 9  v a l v e  D 

is c l c t s e d ! ,  v a l v e  E is upened  a n d  w a t e r  f l o w s  i n t c l  t h e  m e t e r i n g  

c h a m b e r  v i a  g r a v i t y .  S i n c e  t h e  m e t e r i n g  c h a m b e r  h a s  a vcllume o f  

e x a c t l y  i : ) . lC)8  c u .  f t ,  b y  c l o s i n g  v a l v e  E a n d  o p e n i n g  v a l v e  F, 

e x a c t l y  0. 1013 c u .  f t  o f  w a t e r  f l o w s  i n t o  t h e  m i x i n g  c h a m b e r .  

R e c y c l i n g  t h e  n i t r o g e n  g a s  i n v c i l v e s  clct .=,ing v a l v e  B ,  o p e n i n g  

v a l v e  G ,  a n d  b l e e d i n g  t h e  g a s  back:: i n t o  t h e  mold  c h a m b e r .  S i n c e  

t h e  n i t r s g e n  g a s  h n l d i n g  tank: is o r i g i n a l l y  p r e s s u r i z e d  t a  t h e  

same p r e 5 ; s u r e  a s  t h e  mold c h a m b e r ,  t h e  mold c h a m b e r  w i l l  b e  

4- 8 
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r e p r e s s u r i z e d  t o  e x a c t l y  2.00 p s i a .  

cc~cess T i m i E y  

S i m u l a t i o n  of t h e  w a t e r  r e c l a m a t i o n  p r o c e s s  r e v e a l s  t h a t  by 

u s i n g  a vacui.im pump w i t h  a c a p a c i t y  of 70 c f s ?  t h e  e v a c u a t i o n  o f  

t h e  mold  c h a m b e r  f r o m  2.00 p s i a  t o  0.001 p s i a  c a n  b e  a c h i e v e c l  i n  

1 sec.  H o w e v e i - 9  since t h e  w a t e r  takes 30 s e c s .  t o  c o m p l e t e l y  

e v a p o r a t e  f r o m  t h e  b r i c k ?  t h e  pump s y s t e m  h a s  t o  work t h e  f u l l  3Ct 

secs .  t o  f u l l y  e v a c u a t e  t h e  mclld c h a m b e r .  I n  a d d i t i o n ,  u s i n g  a 

s t a n d a r d  w a t e r  pump w i t h  a c a p a c i t y  o f  Z!:t G F "  a t  a t o t a l  h e a d  o f  

7.00 f t ,  t h e  0.108 cu. f t  af  water t r a p p e d  i n  t h e  i n t e r s t a g e  

condenser c a n  b e  pumped LIP tcl t h e  w a t e r  h o l d i n g  t a n k  i n  1 m i n .  

Dumping t h e  w a t e r  i n t o  t h e  m i x i n g  c h a m b e r  f r o m  t h e  h o l d i n g  tank:: 

v i a  g r a v i t y  takes a r o u n d  10 S E C : ~ .  S ince t h e  m i x i n g  takes p l a c e  

i n  t h e  m i x i n g  c h a m b e r  o n l y v  the n i t r a g e n  gas can be b l e e d  hac!:: t a  

t h e  mold  c h a m b e r  d u r i n g  t h e  time u s e d  f a r  m i x i n g  w h i c h  is 4 m i n .  

T h i s  p r o c e s s  of b l e e d i n g  w i l l  tat::e an a v e r a g e  m a s s  f l o w  ra te  c1.f 

3.tlE-04 lbm p e r  cjec.  I n  tcotal t h e  water r e c l a m a t i o n  c y c l e  

takes 5 m i n .  a n d  4i3 secs. 

1r-e M_eld_ &%,l3"lb_gll 

T h e  mold  c h a m b e r  is a c y 1  i n d r i c a l  p r e s s u r e  v e s s e l  w i t h  

p,elT, i e- -piiri  L 1 I C S ~  E n d s .  I t  is oi-iei-i ted vel  .tir:ai i y  w i  t n  a t o i a i  

l e r i g t h  clf 2.50 f t  a n d  a n  o u t e r  d i a m e t e r  of 2.00 f t  T h e  mold 

c h a m b e r  is made from f o r m e d  A31 IiX) aluminirm s h e e t s  w h i c h  are 

weldecl t o g e t h e r .  T h e  w a l l s  o f  t h e  mold  c h a m b e r  h a v e  a t h i c k n e z s  

c1f (1). l(X) i n .  e x c e p t  a t  t h e  b o t t o m  w h e r e  t h e  t h i c k n e s s  increase . ;  

a 
- -  4Q 
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to 0.250 i n .  T h i s  i n c r e a s e  i n  t h i c k n e s s  is t o  a c c o m i d a t e  t h e  0- 

r i n g  s ea l  a n d  l o c k i n g  mechanism of t h e  b r i c k  u n l c l a d i n g  h a t c h  a t  

t h e  bcl t tom of t h e  mold c h a m b e r .  T h e  t h i c k n e s s  is i n c r e a s e d  

g r a d u a l l y  i n  o r d e r  tcl a v o i d  stress c o n c e n t r a t i o n s  w h i c h  may l ead  

t o  f a i l u r e  due  ta b u l g i n g .  CS w a l l  t h i c 1 : : n e s s  of 0 . 1 f ) O  i n .  is 

c h o s e n  since a w a l l  t h i c k n e s s  ctf less t h a n  0 . l C ) C t  i n .  may l e a d  tc l  

f a t i g u e  f a i l u r e  s ince  t h e  p r e s s u r e  i n  t h e  c h a m b e r  v a r i e s  f r o m  

2.00 p s i a  t o  0.001 p s i a  because t h e r e  is nu e n d u r a n c e  l i m i t  f o r  

a l u m i n u m .  A s  a r e s u l t ?  T h e  mold  c h a m b e r  is a v e r - d e s i g n e d  w i t h  a 

f a c t o r  of s a f e t y  of 21 for  s t a t i c  f a i l u r e .  W i t h  t h i s  d e s i g n ,  t h e  

m o l d  c h a m b e r  w e i g h t s  75.4 l b f  a n  E a r t h  when e m p t y .  

T h e  b o t t a m  h e m i s p h e r i c a l  e n d  of t h e  mold c h a m b e r  i s  a h a t c h  

w h i c h  o p e n s  up when t h e  c h a m b e r  is e v a c u a t e d  t o  a l l o w  t h e  brick::  

t o  be reniclved fi-cim t h e  mold. T h i s  h a t c h  h a s  an O-l-ii-ig s ea l  w h i c h  

p r o v i d e s  a n  a i r  t i g h t  seal when t h e  mold chamb~r  is p r e s s c r r i z e d  I 

T h e  h a t c h  is h i n g e d  o n  t h e  l e f t  s i d e  a n d  is l o w e r e d  by  two two- 

a r m  l i n k a g e s  d r i v e n  b y  an e lec t r i c  mutclr t h r o u g h  d i r e c t  d r i v e .  

T h e  m o t o r  is m o u n t e d  c ~ n  s h e e t  a l u m i n u m  b r a c k e t s  w h i c h  a r e  w e l d e d  

t o  t h e  s i d e  o f  t h e  m o l d  chamber-. T h e  r e q u i r e d  hctrsepciwer o f  t h e  

e l e c t r i c  m o t o r  t o  ra ise  t h e  h a t c h  is l / 6  h p .  T h e  t w c ~  t w u - - a r m  

1 ink::ages a r e  m o u n t e d  o n  t h e  s i d e s  o f  t h e  h a t c h  p e r p e n d i c u l a r  tcl  

w h e r e  t h e  m o t o r  is mut..\nted. E a c h  t w o  a r m  1 i n k a g e  cons i s t s  of t .wo  

s o l i d  a l u m i n u m  r a d s  1 . O i l  f t  i n  l e n g ' t h  a n d  0.500 i n .  i n  d i a n e l e r .  

T h e  l a c k i n g  m e c h a n i s m  f c t r  c l o s i n g  t h e  h a t c h  f c i r  r e p r e s s u r i z a t i o 1 7  

c o n s i s t s  u f  a r i n g  of  e l e c t r o m a g n e t s  w h i c h  a re  p l a c e d  arclurid t h e  

o u t s i d e  of t h e  h a t c h  a n d  t h e  a d  j o i n i n g  mold c h a m b e r .  T h e  riagi-iets 
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a r e  a c t i v a t e d  when t h e  h a t c h  is c l o s e d  i n  o r d e r  t o  l o c k  i t  a n d  

d e a c t i v a t e d  when t h e  h a t c h  is t o  be a p e n e d .  T h e  r e q u i r e d  c u r r e i i t  

for  t h e  e l e c t r o m a g n e t s  is 3.00 Amps a t  12 V o l t s  when l o c k i n g  t h e  

h a t c h  w i t h  an i n t e r n a l  p r e s s u r e  o f  2.i:)O p s i a .  T h e  e n t i r e  h a t c h  

o p e n i n g  m e c h a n i s m  w i l l  w e i g h t  6.00 l b f  ctn E a r t h .  

I 

Vacuum F ' u m o  Svstem 

T h e  vacui!T;i pump sys tem c o n s i s t s  of two s t a g e s  w i t h  an inter- 

s t a g e  c o n d e n s e r  w h i c h  a c t s  t o  c c t v d e n s e  t h e  w a t e r  f a r  r e c y c l i n g .  

T h e  f i r s t  s t a g e  of t h e  vacuum pump s y s t e m  c o n s i s t s  o f  C i l - s e a l e d  

r o t a r y  pump w i t h  a c a p a c i t y  o f  70 c f s .  T h i s  pump is t o  pumy: t h e  

n i t r o g e n  g a s / w a t e r  m i x t u r e  f rom t h e  mold c h a m b e r  p r e s s u r e  ( w h i c h  

v a r i e s  f r o m  2.00 p s i a  tca O.OO1 p s i a )  t o  a c o n s t a n t  p r e s s u r e  o f  

0.450 p s i a  a t  t h e  e n t r a n c e  to t h e  i n t e r - s t a g e  c o n d e n s ; e r .  T h i s  

p r e s s u r e  a t  t h e  e n t r a n c e  of t h e  c a n d e n s e r  is j u s t  b e l o w  t h e  v a p a r  

p r e s s u r e  of w a t e r  i n  n i t r c t g e n  g a s  a t  77 d c g r e e s  F. Since t h e  

t e m p e r a t u r e  w i t h i n  t h e  pump is a b o v e  77 d e g r e e s  F d u e  t o  t h e  w c ~ r k :  

p u t  i n  b y  t h e  pump? t h e  water  w i l l  no t  c o n d e n s e  w i t h i n  t h e  pump. 

T h e  i n t e r - s t a g e  c o n d e n s e r  is j l ls t  a s e c t i c l n  o f  p i p i n g  w i t h  an 

i n s i d e  d i a m e t e r  of 4.00 i n .  aiid a t h i c k n e s s  of 0.23:) i n .  O n  t h e  

C t U t e i -  s u r f a c e  o f  t h e  c a n d e n s e r  a re  emitters w h i c h  serves t o  

r a d i a t e  h e a t  a u t  i n t o  d e e p  s p a c e .  O n  t h e  b o t t o m  o f  t h e  cctndelisei- 

is a f u n n e l  s e c t i o n  o f  p i p i n g  w h i c h  l e a d s  t o  v a l v e  C .  T h i s  is 

t h e  b l e e d - c t f f  m e c h a n i s m  fctr t h e  condensed water = 4s the  wate r  

goes t h r o u g h  t h e  inter--s tage c o n d e n s e r  ?. t h e  t e m p e r a t u r e  wi 11 d r o p  

a n d  t h e  pressure w i  1 1  i n c r e a s e ,  t h e r e b y ! ,  c a u s i n g  t h e  w a t e r  t o  

c a n d e n s e .  T h i s  i nci-ease in p r e s s u r e  and d e c r e a s e  i 1-1 t e r n p e r a t u r - e  

is d u e  t o  b a c k  p r e s s u r ' e  frctm t h e  E-;ecctnd E, tage o f  t h e  vacuum pump 

------ ---- ------ 
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s y s t e m  a n d  f r o m  h e a t  t r a n s f e r  o u t  of t h e  c o n d e n s e r  v i a  r a d i a t i o n ,  

r e s p e c t i v e l y .  T h e  secc tnd  s t a g e  of t h e  vacuum pump s\jstem c c t n s i . s t s  

clf a m e c h a n i c a l  b o o s t e r  pump w i t h  a c a p a c i t y  of 70 c f s .  T h e  

p u r p o s e  of t h i s  pump i c 3  t o  p u m p  t h e  " d r y t t  n i t r o g e n  gas f r o m  t h e  

exit of t h e  c o n d e n s e r  t u  t h e  n i  t r c t g e n  g a s  h o l d i n g  tanl: : .  T h i s  

w i  11 require t h e  pump t o  pump f r o m  a c o n s t a n t  p r e s s u r e  o f  (:).5OQ 

p s i a  t o  t h e  p r e s s u r e  i n  t h e  n i t r c l g e n  h c t l d i n g  ta iqk:  w h i c h  v a r i e s  

f r o m  2.00 p s i  tct 6.24 p s i .  T h e  r e q u i r e d  pump work  v a r i e s  a s  t h e  

c h a m b e r  is e v a c u a t e d .  Ma:.:imum pctwet- r e q u i r e m e n t  is 1 /3 bhp for  

t h e  t w o  pumps.  T h e  vacuum pimp s y s t e m  w e i g h t s  a t o t a l  of 3i3 l b f  

ctn E a r t h .  

r W a t e K  C _ g c d e n s a t e  E_&eed--Off g@ W_EI&IE Pump 
r 

e T h e  w a t e r  c c t n d e n s a t e  b l e e d - o f f  is a p i e c e  of 4.00 i n .  ID 

- steel p i p i n g  that ccti-\t-tects to the  f u n n e l  r,ecticln clf t h e  i i T t e i - -  

s tage condenser . T h e  mechanism d e p e n d s  on g i - a v i  t y  t o  f c l r c e  the 

0 c o n d e n s a t e  t o  col lect  a t  t h e  b o t t o m  af t h e  p i p e  s e c t i o n .  From 

t h e r e  t h e  c o l l e c t e d  w a t e r  is pumped to t h e  w a t e r  h o l d i n g  tank by 

a s m a l l  w a t e r  pump w h i c h  a c t i v a t e s  when v a l v e  C c l o s e s  a n d  s t ~ p s  

when t h e  water l e v e l  i n  t h e  b l e e d - o f f  p i p i n g  r e a c h e s  b e l o w  il.250 

i n .  T h i s  w i l l  s t i l l  l e a v e  6.&'7E-i33 C U .  f t  of w a t e r  l e f t  at; t h e  

b o t t o m  o f  t h e  b l e e d - o f f  p i p i n y .  14ctv!ever9 s i n c e  t h e  w a t e r  

r e c l a m a t i o n  process; ,  is c a n t i n i r o c i s ~  t h i s  amcii.tnt w i l  1 a l w a y s  be 

l e f t  a t  t h e  bot tc tm ctf t h e  p i p i n g  r ~ 1 s ~ i I t i n g  i n  n e a r  p r e . f e c t  

r e c l . a m a t i o n  ctf w a t e r  d u r i n g  s u c c e s s i v e  r u n s .  T h e  r e q u i r e d  pCirJei-' 

n e c e s s a r y  t o  pump t h e  water i n t o  t h e  w a t e r  h o l d i n g  tan!:: i s  l f 4  

b h p .  T h e  w a t e r  pump w e i g h t s  5. i : )Ci  l b f .  
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T h e  w a t e r  r e c l a m a t i a n  p r c ~ c e s s  r e q u i r e s  two h c t l d i n g  tanks: 

one far water a n d  a n o t h e r  f o r  n i t r o g e n .  B o t h  t a n k s  are  t h i n  wal 1 

s p h e r i c a l  p r e s s u r e  v e s s e l s .  T h e  h c l l d i n g  tanl:: for  water is 6.00 

i n .  i n  d i a m e t e r  a n d  is a l w a y s  p r e s s u r i z e d  t o  2.00 p s i a .  T h e  

hc; 1 Cl i e-- ?.a;>!: .r-.<- t L . t  i~iti-tiqei-i IS i . G G  f t  i n  u”ia~iet~?r-, and its ’ ’Y 

p r e s s u r e  var ies  f r o m  2.00 p s i a  t o  6.24 p s i a .  b o t h  t a n k s .  1ii::e 

t h e  mold  c h a m b e r  , are c o n s t r u c t e d  f r o m  B .  1 0 0  i n .  t h i c k  A 9 1  1 C ) O  

a l u m i n u m  s h e e t s  w h i c h  a re  f o r m e d  a n d  w e l d e d  t o g e t h e r .  L i k e  t h e  

m o l d  c h a m b e r  , b o t h  h c t l d i n g  t a n k s  a r e  o v e r - d e s i g n e d  i n  carder t o  

p r e v e n t  f a t i g u e .  T h e  s a f e t y  f a c t o r  c c t n c e r n i r ; g  s t a t i c  f a i l u r e  f o r  

t h i s  d e s i g n  is 12.4 a n d  13.5 f o r  t h e  w a t e r  a n d  n i t r c t g e n  h o l d i n g  

t a n k s : .  r e s p e c t i v e l y .  T h e  w a t e r  h o l d i n g  t a n k  a n d  t h e  n i t r o g e n  

h c t l d i n g  tank w e i g h t  4.43 l b f  a n d  17.7 l b f  cgi3 E a r t h ,  r e s p e c t i v e l y 3  

when e m p t y .  

e 
* 

0 

I 

C_ctnnec t i nq i%pe_s_ a _ ~ d _  V a  1 ves  

T h e  p i p e s  c o n n e c t i n g  t h e  cctmpclnents of t h e  w a t e r  reclamat i o n  

s y s t e m  are s t a n d a r d  4.60 i n .  I D  c a r b o n  steel  p i p e s  w i t h  a 

t h i c k n e s s  ctf 0.5i:)O i n .  S e c t i o n s  o f  p i p i n g  i n c l u d e :  1 .OO f t  

c o n n e c t i n g  . t h e  mold chamher- t o  t h e  f i r s t  s t a g e  vacuum pump 3.01::) 

f t  w i t h  two 90 d e g r e e  e l b o w s  t o  c c l n n e c t  t h e  s e c o n d  s t a g e  ptimp t o  

t h e  nit;-c;,’jf:7 !-io?bi;?g ta;?!;, a;7d 3.C:)ci f t  f0i- the b l e e d - o f f  pipi . i - ig.  

A 1  1 4.C)O i n .  p i p e s  ai-e Ccti7\-ieTted w i t h  f l a n g e  t y p e  m c l u n t i n g s  w i t h  

O - r i n g  seal5.  T h e  c o n n e c t i o n s  are  b o l t e d  t o g e t h e r  u s i n g  5--1/4 

i n .  g r a d e  5 b o l t s  e v e n l y  s p a c e d  arctiii-i(:I t h e  f l a n g e .  T h i s  

c o n n e c t i o n  g i v e s  a minimum s a f e t y  fac tor  o f  3. I n  a d d i t i o n ,  

a 
5 3 
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s t a n d a r d  1.CK) i n .  I D  c a r b o n  steel p i p i n g  w i t h  a t h i c k n e s s  ctf 

13.315 in. is u s e d  to cc tnnec t  t h e  n i t r c l g e n  h o l d i n g  tank t o  t h e  

m o l d  c h a m b e r  a n d  tct cctnnec't t h e  w a t e r  pump t o  t h e  w a t e r  h o l d i n g  

t a n k : .  T h e  c o n n e c t i o n s  f u r  these s e c t i o n s  o f  p i p i n g  a r e  s t a n d a r d  

t h r e a d e d  c a u p l i n g s .  T h e  t o t a l  w e i g h t  u f  t h e  p i p e s  is 1 0 9  l b f  on 

Ear  t ti . 

T h e  v a l v e s  t h a t  are u s e d  f o r  cc tn t r c l l  of t h e  v a t - i o u s  v a p u r  

a n d  f l u i d s  r c t u t i n g  1 i n e s  a r e  t h e  cummonly a v a i l a b l e  s o l e n c t i d  

a c t u a t e d  ' f  l i p - f l o p 7  b u t t e r f l y  v a l v e s .  T h e s e  h a v e  b e e n  c h o s e n  

b e c a u s e  o'f t h e i r  r e l i a b i l i t y ,  c c t r r c t s i o n  r e s i s t a n c e ?  l i g h t  w e i g h t ,  

l u w  p o w e r  c o n s u m p t i o n  a n d  a b i l i t y  t o  h a n d l e  b o t h  l i q u i d s  and 

v a p o r s .  

s_ysit_e_m_ Cctn t r c l l  

Pump 3r11 V_g&y~, &ctnti-c~l 

A 1  1 pump a n d  va lves  c l p e r a t  i o n s  are s y n c h r a n i z e d  a n d  

c o n t r a l l e d  b y  a d i g i t a l  m i c r o p r o c e s s o r  c o n . t r c t l l e r  w h i c h  a c t s  a s  a 

p r c t p o r t i c t n a l  cc tn t r c l l  ler . S i n c e  t h e  s y s t e m  is cctmpctsed s t r i c t l y  

of f i r s t - o r d e r  s y s t e m  c c t m p c ~ n e n ' t s ~  p r o p o r t i o n a l  cc ln t r c t l  w i  11 be 

o p t i m a l  fo r  t h i s  a p p l i c a t i c t n .  T h e  cc tn t r c l l  s c h e m e  is a s i m p l e  

one. S e n s o r s ,  s i r ch  a5 f l o w  meters and p r e s s u r e  gages are l o c a t e d  

i n  t h e  mold  c h a m b e r  a n d  alctnq t h e  p i p e s .  A s  t h e  p r e s s u r e  i n  t h e  

m o l d  c h a m b e r  r e a c h e s  0 .001  p s i a  t h e  p r e s s u r e  s e n s c t r  w i  11 s i g n a l  

t o  t h e  c c l n t r c t l l e r  t o  c l o s e  v a l v e s  A!, B ,  and C a n d  t o  o p e n  v a l v e s  

I), and G .  S i m i l a r i l y ?  t h e  pump r a t e s  o f  t h e  vacuum pump s y s t e m  

is r e g u l a t e d  f r o m  f l o w  r a t e  f e e d h a c k s  f r c t m  t h e  f l o w  meters alctrtg 



t h e  p i p e s .  

a 

- . 

Le_mp er a t LII- e C _ Q E ~ L - ~ , ~  

I n  o r d e r  for  t h e  vacuum pump s y s t e m  t o  work  e f f i c i e n t l y  

w i t h o u t  f a i l u r e : ,  p r o p e r  t e m p e r a t u r e  cc tn t r c t l  is e s s e n t i a l .  T h e  

p r c t p u s e d  s y s t e m  for  t e m p e r a t u r e  c c ~ n t r c t  1 is t o  cove r  t h e  c ~ u t e r  

surfaces  of t h e  pumps w i t h  e m i  ttei-s w h i c h  w i  11 r a d i a t e  

c o n t i n u o u s l y  i n t o  d e e p  s p a c e .  By c a l c u l a t i n g  t h e  r e q u i r e d  h e a t  

transfer n e c e s s a r y ,  t h e  c t l r rect  e m i s s i v i t y  u f  t h e  emitters c a n  b e  

fctund.  I f  t h e  r e q u i r e d  h e a t  transfer is tctct l a r g e ,  t h e n  a n c t t h e r  

s y s t e m  c o m p o s i n g  o f  h e a t  e x c h a n g e r s  w h i c h  w i  11 c i r c u l a t e  a 

c c t u l i r i g  f l u i d  f r o m  t h e  pumps to a l a r g e r  r a d i a t o r  may b e  

n e c e s s a r y .  D u e  t o  lack a f  t e s t i n g ,  h u w e v e r .  t h i s  r e q u i r e d  h e a t  

t ransfer  is p r e s e n t l y  unknown. 
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a Code 

a 

(')Lumpy Over 3"To Be Special 
0, I 

XLActual Maximum Size 

Irregular Stringy. Fibrous. Cylindrical. I F  
Slabs. etc , 

Very Free Flowing-Flow Function 10 
Free Flowing -Flow Function =-4 But 1 2  

--- --1 __ ___ - - - - - 

10 

a 

- 
I 

. 
e 

a 

. 

Table 3 Materi 

Density 
I - 
1 

I Size 

-.. . . ..- - 

Flowability 

Abrasiveness 

- ._ _. 

C !  scellaneous 
Properties 
Or 
Ha L a r d s 

Granular y "And Under 
Granular 3"And Under 

Generates Static Electricity 
Decomposes - Deteriorates in Storage 
Flammability 
Becomes Plastic or Tends to Soften 
Very Dusty 
Aerates and Becomes Fluid 
Explosiveness 
Stickiness-Adhesion 
Contaminable. Affecting Use 
Degradable. Aflecling Use 
Gives Off Harmful or Toxic Gas or Fumes 
Highly Corrosive 
Mildly Corrosive 
Hygroscopic 
Interlocks. Mals or Agglomerates 
011s Present 
Packs Under Pressure 
Very Light and Fluffy- May Be Windswept 
Elevated Temperature 

' G  

J 
i H  

l K  1- 

i o p  
I .  
1,l 

I N  

' 0  
' R  

S 
T 
U 
V 

; w  
I x  

I Z  
i y  

a 

a 



36 
48 
60 

a. 

36C,,15W 
48Cm,15 
60Ce,25 

c 

. 
a 
. 

a 

, 

0 
c 
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L 

t 
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sble 4 Material Characteristics 
I 

Material Weight I -  
--F- 14-22 

Adipic Acid 
Alfalfa Meal 

Alfalfa Seed 10-15 
Alfalfa Pellets I 41-43 

4lmonds. Broken 
Mmonds. Whole Shelled 
Mum. Fine 
Alum. Lumpy 
ilumina 
Mumina Fines 
Alumina Sized or Briquette 
9luminate Gel (Aluminate 

&luminum Chips. Dry 
Aluminum Chips. Oily 
4luminum Hydrate 
Aluminum Ore (See Bauxite) 

Hydroxide) 

aluminum Oxide 
Aluminum Silicate 

(Andalusite) 
Aluminum Sulfate 
Ammonium Chloride. 

Crystalline 
Ammonium Nitrate 
Ammonium Sulfate 
Antimony Powder 
Apple Pomace. Dry 
Arsenate of Lead (See 

Lead Arsenate) 
Arsentic Oxide (Arsenc 
Arsentic Pulverized 
Asbestos-Rock (Ore) 
Asbestos-Shredded 
Ash. Black Ground 
Ashes. Coal. Dry - ',," 
Ashes. Coal. Dry - 3" 
Ashes, Coal. Wet - Y?'' 
Ashes. Coal. Wet - 3" 
Ashes. Fly (See Fly Ash) 
Ashphalt. Crushed - 'rj" 
Bagasse 
Bakelite. Fine 
Baking Powder 
Baking Soda ISodium 

Bicarbonate) 
Barite (Barium Sulfate) + 'j" 
- 3 ' 1  

Barite. Powder 
Barium Carbonate 
Bark. Wood. Refuse 
@ wley. Fine. Ground 
Barley. Malted 
Barley, Meal 
Barley. Whole 
Basalt 

Bauxite. Crushed - 3" 
Beans. Castor. Meal 
Beans. Castor. Whole Shelled 
Beans. Navy. Dry 
Beans. Navy. Steeped 

Bauxiie. Eiy. Sioiinc! 

( )Consult FMC 

27-30 
28-30 
45-50 
50-60 
55-65 
35 
65 

45 
7-15 
7-15 
13-20 - 
60-120 

49 
45-50 

45-52 
45-62 
45-50 
- 
15 

- 
100-120 
30 
81 
20-40 
105 
35-45 
35-40 
45-50 
45-50 

45 
7-10 
30-45 
40-55 

- 

40155 

120-180 

48Bi35U 1A-lB-1C 
558625 1 2A-28 
58B627MY I 30 
35Alm27MY 30 
650337 

49c %.,35S 
52C*,25 

49A 1004 5 F RS 
54A,,35NTU 
52CQ ,35FOTU 
A I m35 
1 5Cq,45Y 

- 
110A1m35R 
30Al m25R 
81 D337R 
30E46XY 
1058635 
40Cq146TY 
38D346T 
4 8C ,,46T 
48D346T 
- 
45cq,45 
9E45RVXY 
388625 
48AlW35 

48A1&5 

1500-36 

30 

2 0  
2 0  
2D 
1 A-1 8- 1 C - 
30 

3A-38 
1 A-1 8-1 C 

3A-38 

1A-18-1C 
3 0  

2 0  
2 0  

- 
- 
2D 
3 0  
2 0  

3 0  
3D 
3 0  
30 

1 A-1 8- 1 C 

- 
1A-1B-IC 
2A-2B-2C 
1A-lB-1C 
l B  

1B 

3 0  
2 0  
2 0  
3 0  
1 A- 1 B-1 C 
1A-18- 1C 
1 A- 1 B- 1 C 
1 A-1 B-1 C 
3 0  
2D 
3 0  
1A-16-1C 
1A-16- 1 C 

1 A- 1 6-1 C 
1 A-1 8 r l C  

9 
6 

1 4  
1 8  
1 6  
2 0  

1 7  
1 2  

8 
1 4  

1 8  

8 
10  

7 
1 3  
1 0  
1 6  
1 0  

- 

- 
- 

8 
1 2  
10  
2 0  
3 0  
2 5  
3 0  
4 0  

2 0  
1 5  
1 4  

6 

6 

2 6  
2 0  
1 6  
2 0  

4 
4 
4 
5 

1 8  
1 8  
2 5  

8 
5 
5 
0 

- 

I 
I 

I 

I 

! 

I 
! 
I 

I 
I 
I 
I 
! 

I 

j 

i 

I 

# 

I 
! 
! 
I 

I 

1 
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able 4 (cont'd) Material ( 

Materlal 
Bentonite. Crude 
Bentonite.- 100 Mesh 
Benzene Hexachloride 
Bicarbonate of Soda 

Blood. Dried 
Blood. Ground. Dried 
Bone Ash (Tricalcium 

Phosphate) 
Boneblack 
8onechar 
Bonemeal 
Bones. Whole(' 
Bones. Crushed 
Bones. Ground 
Borate of Lime 
Borax, Fine 
Borax Screeqing - H" 
Borax. 1X"-2"Lump 
Borax. 2"-3" Lump 
Boric Acid. Fine 
Boron 
Bran. Rice-Rye-Wheat 
Braunite (Manganese Oxide) 
Bread Crumbs 
Brewer's Grain, spent. dry 
Brewer's Grain, spent. wet 
Brick, Ground - U" 
Bronze Chips 
Buckwheat 
Calcine. Flour 
Calcium Carbide 
Calcium Carbonate (See 

Limestone) 
Calcium Fluoride (See 

Fluorspar) 
Calcium Hydrate (See Lime. 

Hydrated) 
Calcium Hydroxide (See 

Lime, Hydrated) 
Calcium Lactate 
Calcium Oxide (See Lime. 

Calcium Phosphate 
Calcium Sulfate (See 

Carbon, Activated. Dry. Fine(') 
Carbon Black. Pelleted(') 
Carbon Black. Powder(') 
Carborundum 
Casein 
Cashew Nuts 
Cast Iron. Chips 
Caustic Soda 
Caustic Soda. Flakes 
Celite (See Diatomaceous 

Cement, Clinker 
Cement, Mortar 
Cement. Portland 
Cement, Aerated (Portland) 

(Baking Soda) 

unslaked ) 

Gypsum) 

Earth) 

iaracteristic 

Weight 
Ib/tr 

34-40 
50-60 
56 

- 
35-45 
30 

4@50 
20-25 

50-60 
35-50 
35-50 
50 
60 
45-55 
5560 
5560 
60-70 
55 
75 
16-20 
120 
20-25 
14-30 
55-60 
100-120 
30-50 
37-42 
75-85 
70-90 

97 a n  
Ll-..u 

- 
26-29 

- 
40-50 

- 
- 
100 
36 
32-37 
130-200 
88 
47 

- 
75-95 
133 
94 
60-7 5 

Material 
Code 

370345X 
55A 1 W25MXY 
56A1~45R 

(')Consult FMC 

Component 
Series 

2 0  
2 0  
1A-16-1 C 

1B 
2 0  
1A-1 B 

1A-1 B 
1A-18 
?A-10 
2 0  
2 0  
2 0  
2 0  

30 
2 0  
2 0  
2 0  
30 
2 0  

2 0  

1A-1 B-1C 

1 A- 1 B-1C 

1 A-1 6-1 C 
1 A-1 6-1 C 
2A-2B 
30 
2 0  
1A-lB-1C 
1A-lB-1C 
2 0  

- 
- 
- 

- 
2A-28 

Mall. 
Factor 

Fm 
1.2 

.7 

.6 

.6 
2 .o 
1 .o 

1.6 
1.5 
1 .& 
1.7 
3.0 
2 .o 
1.7 

.6 

. 7  
1.5 
1.8 
2 .o 

.8 
1 .o 

.5 
2 .o 

.6 

.5 

.8 
2.2 
2.0 

.4 

.7 
2.0 

- 

- 
- 

- 
.6 

- I -  
1A-18-1C 1.6 

j 
a -  - 
- ! - 

- 
- 
30 
2 0 .  
2 0  
2 0  
30 
3A-38 

- 
30 
3 0  
2 0  
2 0  

- 
- 
3.0 
1.6 

.7 
4.0 
1.8 
1 .s 
- 
1.8 
3.0 
1.4 
1.4 
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Table 4 (cont'd) Material 

Material 
Cerrusite (See Lead 

Carbonate) 
Chalk, Crushed 
Chalk. Pulverized 
Charcoal, Ground 
Charcoal. Lumps 
Chocolate. Cake Pressed 
Chrome Ore 
Cinders. Blast Furnace 
Cinders. Coal 
Clay (See Bentonite. 

Diatomaceous Earth, 
Fuller3 Earth. Kaolin 6 
Marl) 

Clay, Ceramic. Dry. Fines 
Clay, Calcined 
Clay, Brick. Dry. Fines 
Clay. Dry. Lumpy 
Clinker. Cement (See 

Cement Clinker) 
Clover Seed 
Coal, Anthracite (River 6 

Culm) 
Coal, Anthracite. Sized - XI' 
Coal, Bituminous. Mined 
Coal, Bituminous. Mined. 

Coal, Bituminous. Mined. 

Coal. Lignite 
Cocoa Beans 
Cocoa. Nibs 
Cocoa. Powdered 
Cocoanut. Shredded 
Coffee, Chaff 
Coffee. Green Bean 
Coffee. Ground, Dry 
Coflee. Ground. Wet 
Coffee. Roasted Bean 
Coffee, Soluble 
Coke, Breeze 
Coke, Loose 
Coke, Petrol, Calcined 
Compost 
Concrete. Pre-Mix Dry 
Copper Ore 
Copper Ore, Crushed 
Copper Sulphate. 

(Bluestone) 
Copperas (See Ferrous 

Sulphate) 
Copra, Cake Ground 
Copra. Cake, Lumpy 
Copra. Lumpy 
Copra. Meal 
Cork, Fine Ground 
Cork. Granulated 
Corn. Cracked 
Corn Cobs, Ground 
Corn Cobs. Whoieilj 
Corn Ear(') 
Corn Germ 
Corn Grits 
Cornmeal 
Corn Oil. Cake 

Sized 

Slack 

(')Consult FMC 

iaracteris 

Weight 
Ibm' 

75-95' 
- 
67-75 
18-28 
18-28 
40-45 
125-140 
57 
40 

- 
60-80 
80-100 
100120 
60-75 

- 
45-48 

55-61 
49-61 
40-60 

45-50 

43-50 
37-45 
30-45 
35 
30-35 
20-22 
20 
25-32 
25 
35-45 
20-30 
19 
25-35 
23-35 
35-45 
30-50 
85-1 20 
120-150 
100-150 

75-95 

-. 
4 0 4 5  
25-30 
22 
40-45 
5-15 
12-15 
40-50 
17 
i 2 - i 5  
56  
21 
40-45 
32-40 
25 

0490 

4 8 ~ ~ 3 5 0 ~  

47Cx45T 
4 1 D335T 
38CS250 . 

33AjW45XY 

206625MY 

25A4035P 
40A4045X 

19Ado35PUY 

300737 
400737 
40D745TV 

13513x36 
1250336 

85CS35S 

35C,25 

21 E45 

29c ,2 5 PO 

25C,25PO 

30Cx37 

103C,36U 

Comwnent 
Series 

- 
2 0  
2 0  
2 0  
2 0  
2 8  
3D 
3 0  
3I3. 

- 
1A-16-1C 
30 
30 
2 0  

- 
1 A-1 6-1 C 

2A-2B 
2A-2B 
1A-1 B 

1A-18 

2A-26 
2 0  
1 A-1 B 
2 0  
1 8  
2 8  
1A-18 
1A-1 B 
1A-1B 
1A-18 
1B 
1B 
30 
3 0  
3D 

30 
30 
30 

3A-38 

2A-26- Z 

- 
1 Ai1 B-1 C 
2A-2B-2C 
2A-2B-2C 

1 A-1 8-1 C 
1A-1 B-1C 
1 A-1 6-1 C 
1 A-1 6-1 C 
2A-2B 
2A-2B 
1 A-1 6-1 C 
1 A-1 8-1 C 
1A-16 
1A-16 

2 0  

- 
Mat'l. 
Factor 

Fm 

- 
I .9 
1.4 
1.2 
I .4 
I .5 
2.5 
I .9 
1.8 

- 
1.5 
2.4 
2.0 
1 .a 
- 

.4 

1 .o 
1 .o 

.9 

1 .o 

.9 
1 .o 

.5 

.5 

.9 
1.5 
1 .o 
.5 
.6 
.6 
.4 
.4 

1.2 
1.2 
1.3 
1 .o 
3.0 
4.0 
4.0 

1 .o 
- 

.7 

1 .o 
.7 
.5 
.5 
.7 
.6 

.a 

- 
- 

.4 

.5 

.5 

.6 1 
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Table 4 (cont'Jj Material Characteristics 

Material 1 Weight i Material Component ' , Mat'l. I , 
IWft' ' , Code Series 1 Fm , 

I . ... , 

1 
: 1A-16-IC 4 1 CornSeed 

j Corn Shelled 
i Cornsugar 

I Cottonseed. Cake. Lumpy 
Cottonseed. Cake. Crushed 

Cottonseed. Dry. Delinled 
Cottonseed. Dry. Not 

Cottonseed. Flakes 
Cottonseed. Hulls 
Cottonseed. Meal. Expeller 
Cottonseed. Meal. Extracted 
Cottonseed. Meals. Dry 
Cottonseed, Meais. Roiied 
Cracklings. Crushed 
Cryolite. Dust 
Cryolite. Lumpy 
Cullet. Fine 

' Cullet. Lump 
I Culm (See Coal. Anthracite) 
i Cupric Sulphate 
' (Copper Sulfate) 

' (See Soap Detergent) 
: Diatomaceous Earth 
I Dicalcium Phosphate 

Disodium Phosphate 
1 Distillers Grain. Spent Dry 
j Distillers Grain. Spent Wet 
1 Dolomite. Crushed 
, Dolomite. Lumpy 
I Earth. Loam. Dry. Loose 

Ebonite. Crushed 
: Egg Powder 
I Epsom Salts 
I (Magnesium Sulfate) 
' Feldspar. Ground 

Feldspar. Lumps 
Feldspar. Powder 

I Feldspar. Screenings 
Ferrous Sulfide - I?'' 

Ferrous Sullide - lOOM 
Fer roils Sulphate 
Fish Meal 

I Fish Scrap 
! Flaxseed 
' Flaxseed Cake 

(Linseed Cake) j Flaxseed Meal 
i (Linseed Meall 
I Fourwheat 
' Flue Dust. Basic Oxygen 

Furnace 
i Flue Dust. Blast Furnace 
I Flue Dust. Boiler H Dry 
/ Fluorspar. Fine 
1 (Calcium Fluoride) 
' Fluorspar. Lumps 

, Foundry Sand. Dry 
' (See Sand) 1 Fullers Earth. Dry. Raw 

Fullers Earth. Oily. Spenl 
Fullers Earth. Calcined 
Galena (See Lead Sullidel 

Delinted 

Detergent 

Flyash 

j Gelaline. Granulated 

' 45 
' 45 
I 30-35 

40-45 
40-45 
22-40 

18-25 
20-25 
12 
25-30 
35-40 

q c  r n  

40-50 
7 5-90 
90-1  10 
80- 120 
80- 120 

40 
J J - V U  

- 

- 
- 

' 11-17 
40-50 
25-31 

4 0-60 
80- 100 
90-10 
76 
63-70 
16 

30 

40-50 
65-80 
90- too  
loo . 
75-80 
120-135 
105- 120 
50- 7 5 
35-40 
40-50 
43-45 

48-50 

25-45 
33-40 

45-60 
110-125 
30-45 

i 80-100 
1 90-110 
I 30-45 

- 
30-40 

, 60-65 
40 
- 1 32 

! 45C.25PQ ' 45C.:25 1 43C9,45HW 
1 43D,45HW ' 3 1 C.,25X 

338635PU 

' 22C9,45XY 
23C*,35HWY 
12B635Y 

37 664 5H W 
40B635HW 

28Bb45HW 

q n r  AGUW 

4 5 Di4 5 HW 
83A ,,36L 
100Dlh36 
1ooCs,37 
t OOD 1637 

"VU, - 4 .  I 

- 
I 

' -  

- 
i 14A4,36Y 
' 45Aa035 
I 28A4035 
' 308635 

90Cn,36 
50C.,45V 

95Dx36 

67Cs,35 
t 6A4,35MPY 

' 76CS,36 

45A4035U 
73Alw37 
950;37 
100A2W36 
78C. ,3 7 
1 28C8>26 
1 13A J6 
63Ct,35U 
38C*,45H P 
45Dj45H 
44Bb35X 

J9Dt45W 

358b45w 
37A4,,4 5L P 

53A4$6LM 
1 18A4036 
38Ado36LM 

90B,,36 
1000;36 
38Ado36M 

- 
35A4025 
63C8 ,450W 

I 40A,,25 

I 328,35PU 

I 
I -  

1A-16-IC ! 4 

1A-1B : 10  
2A-2B I t o  
1A-16 , 6 

16 ! 10 

1A-1B 1 .9 
1A-tB 8 
1A- 1 B ' 9  
3A-39 5 

lA-lB 1A-1B ? : 
! A - ! 8  6 
2A-2B-2C 1 3  
2 0  - I  2 0  
2 0  2 1  
3 0  2 0  
3 0  2 5  
- - 

- - 
3 0  1 6  
1A- lB- lC  1 6  
3 0  5 

I 

I 

i 
i 
! 
1 

i 
! 

I 
! 

2D 2 0  
2 0  2 0  
2D 1 2  
1A- lB- lC  8 
1B 10 

1A-16-IC 8 
2 0  2 0  
2 0  2 0  
2D 2 0  
2 0  2 0  
1A-16-1C ' 2 0 
1A-16-IC 2 0  
2 0  1 0  
1A-16-IC 1 0  
2A-2B-2C 1 5 
1A-1B-lC , 4 

2A-2B 7 

1A-1B 4 
1B ' 6  

3 0  I 3 5  
3 0  3 5  
3 0  2 0  

2 0  20 
2 0  ' 2 0  
30  7 2 0  

I 
- - 

2 0  2 0  
3D 1 2 0  
3 0  2 0  

I FB 1 -a 
8 1 I 



a 

1 L 
Mat I 

. 

0 

b 

0 

. * 

0 
n 

1 Gilsonite 
~ Glass. Batch 

Glue. Ground 
Glue. Pearl'. 
Glue Veg Powdered 

I Gluten. Meal 
Granite Fine 
Grape Pomace 
Graphite Flake 
Graphite Flour 
Graphite Ore 
Guano Dry(') 
Gypsum. Calcined 
Gypsum. Calcined. 

Gypsum Raw - 1" 
Hay. Chewed(') 
Hexanedioic Acid 

Hominy. Dry 
I Hops.Spent Dry 

Hops. Spent. Wet 
i Ice. Crushed 

Ice. Flaked(') 
Ice. Cubes 
Ice. Shell 
Ilmenite Ore 
Iron Ore Concentrate 
Iron Oxide Pigment 
Iron Oxide. Millscale 
Iron Pyrites 

lron Sulphale 

Iron Sulfide 

Iron Vitriol 

Kafir (Corn) 
Kaolin Clay 

Kryalilh (See Cryolite) 
LaL,dse 

(See Carbon Black) 

?c?.udered 

(See Adipic Acid) 

(See Ferrous Sulfide) 

(See Ferrous Sulfate) 

(See Ferrous Sulfide) 

(See Ferrous Sulfate) 

1 Kaolin Clay-Tale 

l Lamp Black 

1 Lead Arsenate 
Lead Arsenite 
Lead Carbonate 
Lead Ore - h" 
Lead Ore - ' 7 ' '  

Lead Oxide (Red Leadl 
- 100 Mesh 

Lead Oxide (Red Leadl - 200 Mesh 
Lead Sulphide - 100 Mesh 
Lignite (See Coal Lignite) 
Limanite. Ore Brown 
Lime. Grctund. Unslaked 
Lime Hydrated 
Lime Hyaratea Puiverized 
Lime. Pebble 
Limestone Agricultural 
Limestone. Crushed 
Limestone. Dust 
,Lindane 

Linseed (See Flaxseed) 
(Benzene Hexachloride) 

37 
80- loo 
40 
4 0  
40 
40 
80-90 
15-20 
40 
28 
65-75 
7 0  
55-60 

60-80 
70-80 
8-12 

- 
35-50, 
35 
50-55 
35-45 
40-45 
33-35 
33-35 
140-160 
t 20- 180 
25 
75 

- 

- 

- 

- 
40-45 

42-56 
63 

- 
32 

- 
72 
72 
240-260 
200-270 
180-230 

30- 150 

30- 180 
240-260 

120 
60-65 
40 
3 2 4  
53-56 
68 
85-90 
55-95 

- 

- 
- 

I _  

' 43C0,250 

1 53D345V 

43C. ,350 

: 350335 

400,350 

34 0,350 
340,450 
15001337 

' 150A,1$7 
25A ,,w36L M P 

' 75Cq,36 

- 
72A,,,35R 
72A4+R 
250Ad,,35R 
2358,35 
205C*,36 

90A & 3 5 P  

' 105A,,35LP 
250A1(,&m - 
120C$:47 
638,3511 
408,35LM 
36A4"35LM 

, 55Cq,25HU 
688'35 

e 880.36 
j 75Ado46MY 

I -  l -  

30 
30 
2D 
1A- t 8- 1 C 
1 A- 1 B-1C 
tB 
3D 
2 0  
1A- lB- lC  
1A- 1 B-1C 
2 0  
3A-38 
2 0  

2 0  
2D 
2A-2B 

- 
1A-18-1 C 
2A-2B-2C 
2A-28 
2A-2% 
1B 
18 
1B 
30 
30 

2 0  
1A- 1 B- I C  

- 

- 
- 
- 
30 
2 0  
20 

1B 
- 

- 
1 A-1 B-1C 
1 A- 18- 1C 
2 0  
30 
3 0  

2 0  

2 0  
2 0  

30 

1 20  
' !A-!E 1 2A-28 

- 

1A-1 B-1C 

2 0  
1 2 0  
I 2 0  

- i 
- 

1 5  
2 5  
1 7  

5 
6 
6 

2 5  
1 4  

5 
5 

10  
2 0  
1 6  

2 0  
2 0  
1 6  

- 
4 

1 0  
1 5  

4 
6 
4 
4 

2 0  
2 2  
10 
1 6  

- 

! - -  
- 

- 
5 

2 0  
2 0  

6 
- 

_. 
1 4  
1 4  
10  
1 4  
1 4  

1 2  

1 2  
- 
- 
1 7  
6 
8 
6 

2 0  
2 0  
2 0  
1 6 - 2 0  

- 
< -  



c 

' Material : Component 

I 

! Weight 
Material : Ibs/fp , Code Series 

Litharge (Lead Oxide) - , -  - - 
Lithopone ' 45-50 48A37535MR 1A-18 I 

Maize lSee Milo) I _  - . -  
Malt, Dry. Ground 20-30 , 258,35NP ' 1A-18-IC .5 ' I 
Malt: Meal i 36-40 1A-18-1C .4 ' 

Marl. (Clay) 
Meat. Ground 
Meat. Scrap (W!bone) 

4 

2 0  1 6  : 80 I 80D,36 
50-55 53E45HOTX 2A-28 1 5  : 
4 0  I 40E46H 2 0  , I 5  ; 

Oats. Crimped 1 19-26 

Niacin (Nicotinic Acid) 
Oats 

Oats. Crushed 
I Oats. Flour 

c 

35A4035P 2 0  8 
26CS,25MN ' 1A-16-1C 4 

226645NY , 1A-16-IC 6 
35A1035 ' 1A-18-IC 5 

23C*,35 1 A-1 8-1 C 5 

. / Paper Pulp (4'h, or less) I 62 
j Paper Pulp (69 to 159,) ! 60-62 ' 

Paraffin Cake - ' 2 "  j 45 
Peanuts. Clean. in shell 15-20 
Peanut Meal 30 
Peanuts. Raw. Uncleaned 

I iunsheiied) ' :5-23 
Peanuts. Shelled I 35-45 

i 
Peas. Dried 4 5-50 c 

0 

62E45 ' 2A-2B 1 5  
61 E45 2A-2B 1 5  
45C3,45K . 1A-18  ' 6  
18D.1350 ' 2A-28 6 
3OBh35P 16 6 

' 13D3360 3s 7 
40C.,350 18 4 
48C8, 15NO 1A-1B-IC ' 5 

Perlite-Expanded 8-12 :*;36 f 2D 6 
Phosphate Acid Fertilizer ! 60 60B625T ; 2A-26 1 4  

Phosphate Disodium i - - ! -  ' (See Sodium Phosphate) I * 
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Table 4 (cont'd) Material Characteristics 
r 

I I Mat I. 
I Weight Material Component Factor 

Material ' 1 m 3  I Code Series Fm 

i Phosphate Rock Broken 
/ Phosphate Rock. Pulverized 
I Phosphate Sand 
i Plaster of Paris 

(See Gypsum) 
I Plumbago (See Graphite) 

Polystyrene Beads 
Polyvinyl Chloride Powder 
Polyvinyl Chloride Pellets 

' Polyethelene Resin Pellets 
Potash (Muriate) Dry 

' Potash (Muriate) 
{ Mine Run 
i Potassium Carbonate 
1 Potassium Chloride Pellets I Potassium Nitrate - 17'' 
l Potassium Nitrate - '/6" 
1 Potassium Sulfate ' Potato Flour 

Pyrite. Pellets 1 Ouartz -100Mesh 
Ouartz - !'?" 
Rice. Bran 

I Rice Grits 
Rice. Polished 

, Rice Hulled 
' Rice. Hulls 
I Rice Rough 
j Rosin-'$" 
l Rubber Reclaimed Ground 

i Rye Bran 
1 Rye Feed 
; RyeMeal 

Rye Middlings 
i Rye Shorts 
' Safflower Cake 
i Safllower Meal 
I Safflower Seed 
i Saffron (See Safllower) 
; Sal Animoniac 

(Ammonium Chloride) 
Sall Cake Dry Coarse 
Sall Cake Dry Pulverized 
Salicylic Acid 
Salt Dry Coarse 
Salt. Dry Fine 
Saltpeter - 

Sand Dry Bank (Damp) 
Sand Dry Bank I Dry) 
Sand Dry S:!:ca 
Sand Foundry (Shake Out) 
Sand (Resin Coated) Silica 
Sand (Resin Coated) Zircon 

, Sawdust Dry 
Sea-Coal 
Sesame Seed 

i Pumice-%" 
I 

i 

Rubber. Pelleted 
Rye 

[See Potassium Nitrate) 

I 75-85 800.36 
60 608836 

- - 
40 40B635PO 
?n-?c 25AiW45KT 
20-30 
30-35 33C9,450 

25 E 4 5 K POT 

7 0  708637 

75 
51 
120-130 
76 
80 
42-48 
48 
42-48 
120-130 

I 70-80 
I 80-90 

20 
42-45 
30 
45-49 
20-2 1 
32-36 
65-68 

' 23-50 
50-55 
42-48 
15-20 
33 
35-40 
42 
32-33 
50 
50 
45 
- 

750.37 

1 25C0,257 U 
5 1 8636 

76Co,16NT 
8OB626NT 
4SB646X 
48A,,35MN P 
45Bb46 
1 25C9,26 
7SAiw27 
85Cs,27 
20B635NY 
44B635P 
30Co,15P 

2 1 B'35NY 
47Ca,25P 

34C8,35N 
6;C9,450 
37c.,45 
530345 
45861 5N 
1 8Bb35Y 
33B635N 
388635 
428635 

500326 
508635 

33C8,35 

45Bb15N 
- 

- - 
I 

85 . I 85Bb36TU 
65-85 , 75B(,36TU 
29 298,3711 
4 5-66 53C. ,36T U 
70-80 7 5 B,,3hT U 

- 
I 110-130 

9G-110 
90- 7 QO 

I 90-100 
104 

1 115 

65 1 27-41 

' 10-13 

i -  
: 12OB,,47 

100B,,37 

950,37 2 
' 104 Bb27 

115A,,,27 
12E,45UX 

958,,27 

2 0  2 1  
2 0  1 7  
3 0  2 0  

- - 
18 4 
2 8  10  
1B 6 
1A-1B 4 
3 0  20 I 

3 0  
2 0  
3 0  
3 0  
3 0  
2 0  

3 0  
3 0  
3 0  
3 0  

1A-1B 

1 A-1 B- 1 C 
1A-1 B-1C 
1 A- 1 B-1 C 
1 A-1 B- 1 C 
1 A-1 B-1C 
1 A-1 B-1 C 
1 A- 1 B- 1 C 
1 A- 1 B- 1 C 
2A-2B-2C 
1 A- 1 B- 1 C 
1 A- 1 B-1 C 
1 A-1 B-1 C 
1 A- 1 B-1 C 
1A-18 
2A-2B 

1 A-1 B- 1 C 
1 A- 1 E-1 C 

' 

2 0  

- 

2 2  
1 0  
1 6  
1 2  
1 2  
1 0  

1 6  
20 
1 7  
2 0  ' 

4 
4 
4 
4 
4 
6 

1 5  
8 

1 5  
4 
4 
5 
5 
5 
5 
6 
6 
4 

5 ,  

- 

- - 
30 2 1  
3 0  1 7  
30 6 
3 0  10  
30 1 7  

- .- 
' 3 0  2 8  
: 30 1 7  

313 2 0  
3 0  2 6  
3 0  2 0  
3 0  2 3  

2 0  1 0  
2 0  6 ,  

1 A-1 B- 1C 7 '  



Table 4 (cont'd) Material Characteristics 
I I 

a 

i 
. 

a 

a 

. 
0 

- 
c 

1 Weight 
Malerial ! IW8' 

Shale. Crushed 
Shellac. Powdered or 

Granulated 
Silicon Dioxide (See Ouartzl 
Silica. Flour 
Silica Gel + '5"-3" 
Slag. Blast FurnaceCrushed 
Slag. Furnace Granular. Dry 
Slate. Crushed.- h'' 
Slate. Ground. - X "  
Sludge. Sewage. Dried 
Sludge. Sewage. 

Dry Grbund 
Soap. Beads or Granules 
Soap. Chips 
Soap Deiergent 
Soap. Flakes 
Soap. Powder 
Soapstone. Talc. Fine 
Soda Ash. Heavy 
Soda Ash. Light 
Sodium Aluminate. Ground 
Sodium Aluminum Fluoride 

(See Kryolite) 
Sodium Aluminum SulphateI'I 
Sodium Benlonite 

(See Bentonite) 
Sodium Bicarbonate 

(See Baking Soda) 
Sodium Chloride (See Salt) 
Sodium Carbonate lSee 

Soda Ash) 
Sodium Hydrate 

(See Caustic Soda) 
Sodium Hydroxide 

(See Caustic Soda) 
Sodium Borate (See Borax) 
Sodium Nitrate 
Sodium Phosphate 
Sodium Sullate 

(See Salt Cake) 
Sodium Sulfite 
Sorghum. Seed 

ISee Kafir or Milo) 
Soybean. Cake 
Soybean, Cracked 
Soybean. Flake. Raw 
Soybean. Flour 
Soybean Meal. Cold 
Soybean Meal. Hot 
Soybeans. Whole 
Starch 
Steel Turnmgs. Crushed 
Sugar Beet. Pulp. Dry 
Sugar Beet. Pulp. Wet 
Sugar. Refined. 

Granulated Dry 
Sugar. Relined. 

Granulated Wet 
Sugar Pnwdered 
Sugar. Raw 
Sulphur. Crushed - 12'' 
Sulphur. Lumpy.-3" 
Sulphur. Powdered 
Sunflower Seed 
Talcum. -I?' '  

Talcum Powder 
Tanbark. Ground(') 

85-90 

31 

80 
45 
130-180 
60-65 
80-90 
82-85 
40-50 

45-55 
15-35 
15-25 

5-15 
20-25 

55-65 

- 

. C  c,. i3-au 

40-50 

20-35 
72 

- 
' 75 

. -  

70-80 
50-60 

- 
96 

- 
40-43 
30-40 
18-25 
27-30 
40 
40 
45-50 
25-50 
100-150 
12-15 
25-45 

50-55 

55-65 
50-60 
55-65 
50-60 
80-85 
50-60 
19-38 
80-90 
50-60 
55 

Component 
Series 

Malerial 

3 1 8635P 

BOA4046 

4 -  

30 ! 30 
2 0  

3 0  

2 0  

i I 2 0  

1 A-1 6-1  C 
1A- 1 B-1 C 

1 A-1 6-1 C 
1 A- 1 8-1 C 
1A-16- 1 C 
2 0  

+ A  4 0  t P  ,m- , " -nb  1 

- 
2 0  

- 
- 
- 

- 
- 

- 
- 
2A-2B 
1A-18 

- 
2 0  

- 
2A-1 B-1C 
2 0  
1 A-1 5-1 C 
1A-15-1C 
1A-16-IC 
2A-26 
- 

' 1A-16-1C 
4 3 0  
I 
' 2 0  I 
1 1A-16-IC 

16 

15 
1B 
16 
1A-1B 
2A-2B 
1A-18 
1 A-1 6-1 C 
2 0  
2 0  
1 A- 1 6-1 C 

Factor 

2.0 

6 

1 5  
20 
2 4  
2 2  
20 
1 6  

8 

8 
6 
6 
8 
6 
9 

20 
1 0  

8 
1 0  

- 

- 
1 0  

- 

- 
- 
- 
- 
- 
- 
1 2  

9 

- 
1 5  

- 
1 0  
5 
8 
8 
5 
5 

1 0  
1 0  
3 0  

9 
1 2  

10-1 2 

1 4 - 2 0  
8 

1 5  
8 
8 
6 
5 
9 
8 
7 



c 

L 

Material Component 

r 

L 

Mat'l. 1 
Factor ' 

. 

. 

F . 
, 

0 

Table 4 (cont'd) Material 

Titanium Dioxide 
(See Ilmenite Orel 

Tobacco. Scraps 
Tobacco. Snuff 
Tricalcium Phosphate 
Triple Super Phosphate 
Trisodium Phosphate 
Trisodium Phosphate. 

Trisodium Phosphate. 

Tung'Nut Meats. Crushed 
Tung Nuts 
Urea Polls. Coated 
Vermiculite Expanded 
Ver m icu I i t e. Ore 
Vetch 
Walnut Shells. Crushed 
Wheat 
Wheat. Cracked 
Wheat. Germ 
White Lead. Dry 
Wood Chips. Screened 
Wood Flour 
Wood Shavings 
Zinc. Concentrate Residue 
Zinc Oxide. Heavy 
Zinc Oxide. Light 

Granular 

Pulverized 

haracteristic 

Weight 
M' 

36 

- 
15-25 
30 
40-50 
50-55 
60 

60 

50 
28 
25-30 
43-46 
16 
80 
48 
35-45 
4 5-48 
40-45 
18-28 
75-100 
10-30 
16-36 
8-16 
7 5-8 
30-35 
10-15 

f 

I 1A-18-IC 1 6 

! 
i -  
I 2A-28 8 : 1A-1B-IC ' 9 
! 1A-18 1 6  

- 

1 30 2.0 i 2 0  i 1.7 
I , 
' 2 0  ' 1 7  

I 2D 1 6  
1 2A-28 
1 2A-28 

1 A- 1 B-1 C 
1A-18 
2D 

2 0  
1A-18- I C  

1 A-1 8- 1 C 
1 A-1 B- 1 C 
1 A-1 8-1 C 

8 
7 

1 2  
5 

1 0  
4 

1 0  
4 
4 
4 

1 0  2D 
2A-2B 1 6  

2A-28 lA-lB , 1: 
qn * tn 
"Y , I "  

1A-18 i 1.0 

1 
! 
j 

i 
I 

, 
I 

i 

I 
I 

I 

I 
I 

! 
i 

I 
! 

1A-18 I 1 0  

c 
c 



e 

c 

c 

Table 5 Horizontal Screw Conveyor C Pacity' __- 
DIG Feet 
lur 
- At OGZiG- 

2.23 
8 2  

19 4 
31.2 

46 7 
67 6 
93.7 

oeqrecoi I 
Trouqn Loadunq Inches 

Maximum 
Recomrneoded 

m 

Capacity I 
Per 

AI Max r m  

368 
1270 

2820 
4370 

6060 
8120 

10300 

I Mateii~I  

1 Code 

' A-25 
8-15 
6-25 
C-15 
c-25 

CldSS 

' A-15 i 165 
155 

145 
140 

130 
120 
110 

4596 j 12 

I l4 
; 16 
i 18 

20 
' 24 I 100 16400 I 1640 

6 120 180 1 4 9  

e 
: A-35 E-35 
' A-45 E-45 

6-35 
6-45 

4 c-35 
' c-45 

9 ' 100 
12 90 
14 85 

545 5 45 
1160 , 1 2 9  

i 1770 20 8 
30% 

A 

e : D-15 
0-25 1 D-35 

/ D-45 
2 500 31 2 ' 3380 45 0 
4370 62 5 
7100 1090 - 
90 

16 80 
18 75 
20 70 
24 65 
6 1  60 

i E-15 
E-25 

L 

A-16 D-16 
A-26 D-26 
A-36 D-36 
A-46 D-46 
8-16 E-16 
8-26 E-26 
8-36 E-36 
8-46 E-46 
C-16 
C-26 
C-36 

1.49 
5.45 

12.9 
20 8 

31.2 
45.0 
62 5 

109.0 

e 9 55 300 
50 64 5 
50 I 1040 

l 2  I 

14 j 

! 
I 
I 

16 45 . 1400 
18 45 2025 
20 40 2500 
24 I 40 4360 

30% 
8 L 

0-17 45 
150 55 

50 325 
50 I 520 

6o ; 6 
9 

12 
14 

16 
18 
20 
24 

0.75 
2.72 
6.46 

10.4 

15.6 
22.5 
31.2 
54.6 

A-27 0-27 
A-37 D-37 
A-47 0-47 
8-17 E-17 
8-27 E-27 
8-37 € 4 7  
8-47 E-47 
C-17 

15% 

0 

C-27 

c-4 7 
1 c-37 40  1250 

40 2180 

e 'For capacities 01 inclined screw conveyors. contact FMC 
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PI De 

c .. 

Class I Clrsr II 1 Class Ill 
10% LUmDS ' 25% Lumps 95% Lumw Radtal 

i 

Inches' MaE Lump Inch 

. 
Ma. LumD I K h  M a a  LUmD Inch 

. 
6 
9 
9 

1 2% 2% ! 1% x 
2% ' 3'Y,s 2% 1 !4 
2% I 3%r - 1  2% 1 !$ 

12 276 1 5 % 6  2% 2 
4% 2% 2 12 I 3% 

12 j 4 4'4 2% 2 

14 i 3% I 5% 3% 2 Y2 

14 1 4 ( 5% 3% 2% 
16 I 4 ! 6% 3% 2% 
16 , 4'5 6% 3% 2% 
18 I 4 7% 4% 3 
18 4% 7 Y. 4% 3 
20 4 8% 4% 35; 
20 4 %  I 8% 4% 3% 
24 4'4 1 10% 6 1 3% 

c 

1 
1 
1 

1% 
1% 
1% 
1% 
1% 
1% 

2 
2 
2 !4 

1 
1 



a 

A200 

8 

I Non-Corr: 1 1 A c 1 -  , - 8 6  
1 2  

a 

A100 C L O  . - c; 
03 

Table 8 Component Group Selection Guide 
1 Cammncnl G r a m  1 

5 l T  1 s j 3  A I : ! - :  A ,  B - - 1  
I 

Non-Corr. 1 2 A C 

- . 

0 3  Non-Corr. 

016 
0' 

O7 orE ! 6 1 ; 
Non-Corr. 

T 
h o  1 C,, i S 

a 

I 
2 - I D !  - I D  ! -  
3') I - ! -  - I D  

I -  - : D  3 

- 
3 I _ , -  

- 
- - ; D i  

3(') I I  - - I D !  

L 

- - 
- 

- - 
D3 I Non-Corr. ! 3 

- ,  T D7 or E . 7  
D16 S 
Dn 

! - j D  
- ' 0  
- I D  

I _..__ 

. 
a 



i 

Group A 

Group B 

Group C 
8 

I Ball Standard I 

Babbitt 
Bronze 

S!zr dard 
(')Canvas base phenolic 
(')Oil Impregnated bronze 
(*)Oil Impregnated 

(')Graphite bronze 

( '  )Plastic 
(*)Nylon Standard 

---- 

c 

(')Hardened alloy s l eeve  
Group D 

a 

Fb 
Comwncnt Bearing 

G ~ O U D  TYW 

Group A Ball 1 .o 

0 
Group B 

Group C 
a 

Babbitt 
Bronze 

(')Graphite bronze 1.7 
( 1  )Canvas base phenolic 
(')Oil Impregnated bronze 
(')Oil Impregnated wood 
(')Plastic 
(')Nylon 2.0 
(')Teflon 

(*)Chilled hard iron 
(')Hardened alloy sleeve 

Group D - cI,y 

e 



~ 

a 

L 

d 

i 

a 

a 

a 
C 

a 

a 
L 

a 

Table 14 Screw Diameter Factor, Fa 

4 
6 
9 

10 
12 

12.0 
18.0 
31 .O 
37.0 
55.0 

14 
16 
18 
20 
24 

78.0 
106.0 
135.0 
165.0 

8' 235.0 

. 

~~~ ~~ 

f, -OVERLOAD FACTOR 

0.2 0.3 0.4 0.5 0.6 0.8 1 2 3 4 5 6 7 8 9  

HORSEPOWER HP, + HP,,, 

FOR VALUES OF HP, + HP, GREATER THAN 5.2. Fo IS 1 0 

TRACE THE VALUE OF (HP, + HP,) VERTICALLY TO THE DIAGONAL LINE, THEN ACROSS TO THE LEFT WHERE 
THE Fo VALUE IS LISTED. 

Figure D 

8 

a 



R W  

ShafIDir S,le loraue 
In LO, 

1nch.S 1, 

1 ll /r  3.140 
1% 2 7.500 
2 14.250 
2%. 3 2y 23.100 
3 3H 32.100 
3 4 43.000 
3%. 4 43.000 

. 
Couplings Bolts 

Bolts in Shear 1, Bolts in Bearing T2 
In Lor Toraue In ~ b r  

, D'r I In Lbr 
nard I Numoor 01 Bolts Used sld 

820"1 1.025 ' 1.380 2.070 1.970 2.955 
3,070"' 3.850 % 3.060 5.490 5.000 7.500 
7,600") 9.500 W 7.600 11.400 7.860 11.790 

15.090 18.900 j( 9.27011' 13.900 11.640 17.460 
28.370 35.400 4: 16.400 24.600 15.540'11 23.310 
28.370 35.400 4: 16.400") 24.600 25.000 37.500 
42,550 53.000 Jc 25.600 38.400 21.800"' 32.700 

14 I 1, InChOS I 2 3 ,  2 3 

a 

Malerul 
codc Class 

a 

I values 01 LI F e e t  
Ma81mum for O,mcns~ons P.llKIC S I I C  Flighl Type 

stc fagures f L C page 9-46 Under lnlel InCW 

. 

815. 816. 817. 
825.826.  827. 
835. 836. 837. 

. 

I 

I Standard pitch 1 
(')Tapered dia. 1 
Short pitch 
(')Tapered dia. 1 H 

a . 

Standard pitch 
Uniform dia. 
Short pitch I 

A15. A16. A17. 
A25. A26. A27. 
A35. A S .  A37. I 

! 
Uniform dia. i 

B + C  L , + -  - 
6 12 

8 d C lrom 
Table 16. 
page 33 

(')Variable pitch of constant diameter may be used in place of tapered diameter and Constant 
pitch flighting. 

. 
a 

a 
L 
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. 
43'iclosed cotrnfershatt 

trough end 

a 

a . 

a 

,. 



c 

I 

i 
. 

a 

No. 226 nanger 
with hard iron bearing 

e 

e 
L 
w- 

e 



. 

0 

.) 

CI 
t 

9 I 
I 
I 

I ' 3  I 

\ 

'\ 

i 
' I  

\ 



0 

c 

* 

0. 

. 

0 

. 

e 

r 

e 

. 

\ 



. 

Lc LI t 
C c -  - 13 

& 12 

7 F r .  

36 
12 . 

I ,  ~00,000 
c 

HQ, * CWLC FM 
~ , 0 0 0 , 0 ~ 0  

1,000 / 000 

J I O 0 0  / 000 

e . 3 s  

L 



. 

e . 

, 



0 

e 

a 

L 
* 

a 

a 

0 

* 

a 

L 
a 



L 

6 

a 



c 

c 

0. 

t 

0 

0 

. 

. 
r 

e 

0 

V d  - 
Re = y 



0 

c 

c 

a. 
t 

i 

0 

(I 

0 

e 



0 

w 

c 

0 

0 

0 

I 

a 

0 

0 

0 

0 



* 

0. 

i - 

. 

0 

a 

4 

a 

a 

a 

P 

a 

( T ! L ) " 3  
cl T Y  

a 
t 

a 



a 

a. 

0. 

* 

a 

0 

a 
c. 

a 

c 

0 

. 
e 

a 
r 

= 1 . 0 7  & 

= 1 2 . 9 0 7  in 

a 



. 

t 

0 

e 

a 

e 
L 
t 

PlhJlOhl 

a 



t 

I r l  1 

i 
. 

= 0.394 

= 0.376 

0 . 



a 

0 

t 

< 11 H0F:SEFOWEH = .25 hp 
( 2 )  S P E E D  R A T I O  = 1.333 
(3! FiFM O F  P I N I O N  = 30 rpm 
, ,. , l-,l-*r-mm, 0 r . r  f i i L , P - . l  FiIi DEGREES 
I Y . I  rncaaunc i - i ivu~E 
( 5 )  T Y F E  O F  TEETH : CUT i' M1LLE.L) 
( 6 )  R E L I A B I L I T Y  ( F A T I G U E )  : 99 X 
( '7 1 REI- I AB I L I T Y  ( SURFACE I.)UEAB 1 L I T Y  1 : 93 % 

( 9 )  TEMPEEATUHE = 25 DEGREES 
E: 1 L I FET I ME = 1 OC!OO h\- 

IC)) SHOCK I N  SOURCE : U N I F O R M  
11 ) SI-IOCK. ON MACHINERY : C)NIFDRM 

< 12) T Y F E  O F  S U F F O R T  : AI.'Ef?AGE 
(13) Y I E L D  STRENGTH O F  P I N I O N  = 131 k p s i  
< 14 1 U L T I M A T E  STRENGTH OF: P I N I O N  = 131 k p s i  

15 1 E R I N E L L  HARDNESS U F  P I N I O N  =: 300 
(16)  YOUNG'S MODULUS OF P I N I O N  = 3:) M p s i  
(17)  P O I S S O N ' S  R A T I O  C3F F I N I O N  2- .Z72 
( 18) YOUNG'S MODULUS OF GEAF; = 30 M p s i  
(19) F O I S S O N ' S  R A T I O  OF GEAR = ,292 
2rS ) i U j N I D I R C T  I O N A L  OR < Et j I? I RECT I0NC;L DK I L'E : U 

a 

S A F E 1- Y F Fi C T 0 R 

a 
c 

S T A T I C '  L O A D I N G  : 3a. 49&t,34 
F A T I G U E  L O A D I N G  : 7.974499 
SURFACE DURCSBIL I T Y  : 2.90328'i 

e 
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APPENDIX C 

I 

0 

M a  1 d i nq 

a 
9 . 



0 

. 
-i 

0. 

t 

e 

e 

i 

a 
L 

0 

0 

To a1 law fo i -  d e f l e c t i c l n  and f a i  lure due t o  buck1 i n q  

use t = 0 .  5 i n c h e s  

m = 28.53 1 . b m  

a 



Ftcl l d Per-meats  i 1. i 1:y 

c 

a 

e 

e 

a 

* ... 

e 
c, 

diirrei-~sicli-~a.I a n a l y s i s .  
I 

5 s  - I  
c=L. 

Q s  '7;1 9 4  



0 

U 

c 

0 

a 

. 
a 

a 

a 

a 

w !-I er e 

and 

/i 

e 
L, 

e 



e 

t c t  deter-mine the required d i f f u 5 i c a n  t ime.  

i 

e 

Q 

e 
a 3  
7 -5- 

3r 

e 

e 

e 

e 

Y 

c 

0 
c 
* 

P 

e 



r 

i 

Where 

pP 7" - k 

N o t e  t h a t  1C) nc~dec ,  ai-e t a k e n  <one a t  e v e r y  i n c h  a lc lng  a 

0 

0 

a 

a 

.. . 

e 



0 

V 

e 

. 

e . 

e 

a 



W 

. 
0 



~~ ~~ ~ ~ -~~ 

a 
5 / r i I , L & T I O t \ l  RESULTS 

I 

z 

REBUIRED CAPACITY O F  PUMP IFT.'".3 / SEC) : 67.64803 
TIME F'RESSIJRE TEMP MDCIT 

537 . (:)(:)(:) 
525.464 
514.175 
503.129 
492.321 
4.81 m 74.5 
471.395 
461.268 
45i .359 
441 ,663 
432.175 
422.090 
4 13.805 
404 .9 1 6 
396.2 1.7 
387.705 
379.376 
371.226 
363.25 1 
355.448 
347.812 
340. 340 
333.028 
325.874 
318.873 
3 12.023 
3i:)5 , 32~:) 
29 8 .76 3. 
292 342 
286. Oh2 
279.917 
273.903 
268.0 19 
262.25 1 
256.627 
251.. 114 
245.720 
240 44 1 
235.276 

225,275 
230 . 22 1 

220 .4.36 
m r P. ,-. ,-. r- i d  . / L l L ~  

21 1 .067 
206.532 
202 . (:I95 
197.754 
193.506 
189.340 
185.281 
1 8 1 . 300 
177.406 
173.574 
1 bc7. €365 
166.216 



a 

i 
. 

0 

0 

c . 
* 
c 

_ _ _ _ ~  
A UL C C j T L i  

159.151 
155.732 
152.387 
149.113 
145.9 10 
142.7'75 
139.705 
13tl.70'7 
133.770 
130. 8C)b 
128. (I84 
125.332 
122.640 
1 . (:lo5 

117.427 
1 14.905 
112.436 
1 10 . 02 1 
107.657 
105 .344 
103 .08 1 
100 . 86'7 

98 . 700 
96 .58(:) 
94 . 505 
92.4'75 
90 . 488 
€38.544 
06.642 
84.781 
82.959 
81.177 
79.433 
77.727 
76 . 057 
74.423 
7 2 .  824 
71 . 260 
69.729 
68.231 
66.765 
65.331 
63.927 
62.554 
61 .210 
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L 
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3 

m 

m 
211 

Qz 
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e 
h 
a 
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0 
I 
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c 
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c 
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RECORD OF INVEhTlON - P a r t  I 

R 

This i s  an important legal document. Head instructions carefully before filling in data. 

PROJECT NO. 5 
RECOWENDED SECUA I TY REC. OF 

CONTRACT NO. h)/fl C L A S S I F I C A T I O N  h INV .  NO. 

1 .  NAME OF I N V E N T  vvr7B c Y p I s T/N& L U 3 E M  -- 
3 .  D A T E S  O I  E M P L O Y M E N T  

._ ~ ~ I I 
MADE CU THIS  INVENTION? 

~ ' w ,  1 b S  
13. D A T d A N D  P L A C E b F  COUPLETION OF F I R S T  O P d T I N G  MOOEL OR FULL S I Z E  DEVICE 

14. PRESENT L O d f f O N  OF MOOEL- 

M 8 A<.' 
15. DATE.  PLACE. DESCRIPTION AND RESULTS OF F I R S T  TEST OR OPERATION 
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16. NAUES AND AODRESSES OF WITNESSES OF F I R S T  TEST 

y-ww-e 

PATENT OR 
DATE T I T L E  OF INVENTION OR PUBLISHED A R T I C L E  
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NAME OF P U B L I C A T I O N  
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19. PRIOR REPORTS OR RECORDS OF INVENTION TO WHICH INVENTION IS RELATED 

y~\o-m2. lye6 W W +  A 
A '  

U 

.l 
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SIGNATURE OF IhVENTOR DATE 6 /I?/&& " 
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( A t t a c h  io Record  o l l n v e n t i o n  Par i  I )  
R E C .  OF 
I N V .  no. This Disclosure of Invention should be written up in the inventa's own r a d s  

and generally nhould follow the outline given below. Stetcbea, p inta ,  photos 
and other i l l * s t r a t l n s  sa  well ne rrimrte of any nature in which the invention 
in referred tn, i f  evaiiable. should !om a p r t  of :his discluaure and refercnct: 
c a n  be n ~ d r  thcrrto in the Jencriptinr, of conotructicn MO ope-don.  
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For answere to following qrrestions use remainder of sheet and attach extra sheets if necessary. 
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3. GENERAL PURPOSE CF !NVENTION. STATE I Y  GENERAL 

TERMS THE OBJECTS OF THE I h V E N T I O N .  

4. DESCRIBE OLD M E T H G D ( S i  I F  ANY. @ F  PLHFORMING THE 

FUNCTION OF THE INVENTION.  

7. G I V E  D E T A I L S  O F  THE OPERATiGN I F  N @ T  ALREAOY 
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a. STATE THE ADVANTAGES OF YOUR INVENT ION OVER WHAT 

HAS BEEN DONE BEFORE. 
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12. AFTER THE ~ISCLOSLIPE I S  PRFPARED. IT WOULD BE SIGNED BY THE INVENTOR(S). AND THEN READ AND SIGNED AT 
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